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blood levels following the administration of 
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IS WELL TOLERATED — Side effects are uncommon 
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tion of the drug.’ Other clinicians have encountered 
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REFERENCES — (1) Settel, E.: 
(2) Holley, H. L.: Personal communication. (3) Burns, J. J.; 
Trousof, N., and Brodie, B. B.: To be published. (4) Smith, 
R. I.: To be published. (5) Peak, W. P., and Smith, R. T-.: 
lo be published. (6) Wiesel, L. L.: 


Personal communication 


Personal communication. 


(7) Passarelli, W. W.: Personal communication. 


Investi; Disorder ents patients 
treated benefited 


Settel! acute low back pain, acute traumatic 


myofascitis, or osteoarthritis 


15 


14 


response excellent 
in nine, good in five 


Holley? wry neck, cervical spondylitis, 
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amelioration of symptoms 
to profound relief 


Wieselé 


advanced osteoarthritis 


less muscle spasm and pain 


Passarelli7 degenerative and 


rheumatoid arthritis 
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and freer motion 
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Atomic Impact on Military Medicine 


The symposium which we are to have the 
pleasure of listening to this afternoon will 
present the experiences of men im research 


in the field of and in 


diving, submarines, 
the study of the effects on human beings 


in high altitudes 


We are extremely fortunate that the 
naval medical officers began their research 


in the stress on humans in diving some 30 
vears ago. This is extremely important, for 
as We approached the problems In aviation 


in World War Il. we 


ences research, under high’ pressures, 


found the expert 
were comparable to the problems that faced 
the individual in high altitudes under nega 
live pressure. Consequently, research went 
forward rapidly in oxygen supply and in 
the ability of the human to survive in alti 


tudes above 20,000 ft. 


In the held of diving, and especially in 
submarines, you will receive, today, the ac 
tual experiences of men living in submar 
ines that stay submerged at depths of 300 
ft. or more for weeks on end. The safety 
factors will be discussed, as far as radiation 
is concerned in its effects on the crew. Here 
we have a practical demonstration of how 
men live confined 


spaces around an 


atomic energy reactor. The work that has 


been done in the Nautilus and the Seawol| 


will be of tremendous benefit to the civilian 


program, Where atomic energy will be used 


for power in industries 

In the field of aviation we are now 
approaching the problem of humans living 
in space. Research has gone forward which 
has determined that the human being can 
live in the troposphere and stratosphere. 
Now we must project our thinking to space. 
The papers that will be read here today pro 
vide a good groundwork in this regard. In 
the past vear, studies have gone forward in 
biomedical and biophysical, as well as in the 
fields 


on living systems is under acute study. Now 


biochemical The effect of radiation 
We must project this study into space 
where the unknown effects of cosmic rays 
and radiation from the various planets must 
be understood. 

In our own field of medicine, research 1s 
going forward rapidly in the use of radio 
isotopes in 


the study and treatment of 


diseases. We are fortunate to be living in 
this age, and the geophysical vear is point 
ing out new vistas that the voung men here 
today will be following. 

Vice Admiral 


Surgeon General, | 


McINTIRE 
“SIN. (Ret) 


Ross T. 


Moderator 
executive Director 
International College of 
Surgeons, Chicago 
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Sources of Ionizing Radiation Hazards in Naval 


Military Medicine 


CAPT. JAMES A. BRIMSON (MC), U. S. N. 


The advent of the widespread applica- 
tion of nuclear fission to both destructive 
and constructive uses presents some unique 
problems to the Navy as a whole, and to the 
Navy. Medical 


Ashore the hazards are in essence similar 


Department particular. 
to those confronting other services and lend 


themselves to similar solutions. sea, 
however, the problem is entirely different. 
Fundamentally, we immediately lose what 1s 
probably the greatest single protection fac- 
tor—that is, distance, or dispersion from 
the source of the radiation. A fighting ship, 
of necessity, is quite limited in space and 
weight. 


Any excess of space or weight 


serves only to decrease efficiency. 


Uses of Ionizing Radiation 


Let us first consider the various fields in 
which the Navy utilizes the effects of ioniz- 
ing radiation, which will give us a general 
picture of the problem. 

1. Standard Diagnostic 
Medical and Dental. 
quires no further comment per se. 


X-Rays, 
‘This, of 


Both 
course, re 
How- 
ever, there is still a disagreement among 
various authorities as to whether the radia 
tion dose from these x-rays should be added 


to the dose from other sources, such as 1s 


Received for publication Jan. 4, 1958 

Head Atomic Defense Branch, Bureau of Medi 
cine and Surgery, Department of the Navy 

The 


are the private ones of the writer, and are not to 


opinions or assertions contained herein 
be construed as official or reflecting the views of 


the Navy Naval 
large. 


Department or the Service at 
Presented in the Symposium on 

on Military Medicine at the 22d 

of the States and 


\tomic Impact 
Annual Congress 
Sections of 


United Canadian 


the International College of Surgeons, Chicago, 


Sept. 12, 1957. 
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incurred under certain occupational condi 
tions. Pending a general agreement on this 
problem, the decision is currently being 
left up to the discretion of the responsibk 
person on the spot. He is aware of any 
unusual doses received incidental to diag 
nosis or therapy. To give you one example 
of this, we have given permission to one 
limited group to receive standard chest x- 
rays in preference to a phototluorogram. 
While this is less economical, it ts in keep 
ing with our policy of seeing that personnel 
ionizing radiation receive 


associated with 


the minimum of exposure consistent with 


the mission. [| may point out here that, 


in the new nuclear Navy, we are assuming 
the individual will be potentially exposed 
for a career lifetime and we must see that 
he stays well within the accepted maximum 
permissible exposure limits. 

2. X-Ray and Gamma Graphing of Metal- 
lic Components. Gamma graphing, — for 
those of you who are not familiar with the 
term, is essentially the same as an X-ray. 
The advantage is that a relatively small, 
portable source of gamma _ radiation is used 
instead of an x-ray tube. This requires no 
electrical power, so can be used anywhere 
it is desired. This is a definite advantage in 
Rather ex 


While 


certainly not helpless, a ship can hardly 


the confined spaces of a ship 


tensive use of this service is made. 


carry out its specific function if it is crippled 
by equipment failure from the effects of a 
major breakdown at sea. Locating flaws 


and defects before breakdown keeps our 


ships in fighting trim. 
3 O peration of Reactors for Research, 


Both of a Physical and a Biological Natur. 


| 
= 


IONIZING RADIATION IN) NAL AL 


An Aero Jet 
\GN-201, 1s 
School, Monterey, Calif., and a similar one 
is proposed for the National Naval Medical 
Mad. 


milliwatts to 5 


reactor, designated as 


located at the Postgraduate 


Bethesda, ‘These 


100 


Center at may be 


operated from watts. 


They are very useful in training personnel, 


small animal effects, materiel effects, and 


the creation of short-lived isotopes. An 


extensive research program will be initiated 
research and 


for local treatment of pa 


tients. Recently a larger research reactor 


Naval Re 
search Laboratory in) Washington, D. 


Was put into operation at the 


Phey also utilize a Van de Graft generator 


for certain research, as well as radiation 


1. Operation of Nuclear Propulsion 
Prototype Reactors in Conjunction with the 
eltomic and Civilian 


nergy Commission 


Contractors. These reactors were built 
and operated at the National Reactor Test 
West Milton, 
The Arco reactor was a prototype 


Milton 


Seawolt 


Station, Arco, Idaho, and. at 
of the Nautilus, whereas, the West 
reactor Was a prototype oft the 
Both ships are operating members of the 
and The 


prototypes not only served to determine the 


will be mentioned later. 
feasibility of propulsion reactors but served 
to tram all crew members for nuclear sub- 
marine duty. Of more importance at the 
moment are the extensive research pro 
grams which are carried on continuously 
Investigations are conducted into all phases 


of reactor construction and operation. This 


means a continuing improvement not only 


in their use for propulsion but also for 
practically all other operations with both 
military and civilian applications. 

3. Operation of Reactors at Sea— There 
are presently only two reactors operating 
at sea, but the Navy is rapidly converting 
to nuclear propulsion. [| will not elaborate 
further on reactors at sea, as this phase 
will be covered as mentioned earlier. In 
brief, at the present, there are approved, 
being built, or operating 19 submarines of 
seven types; one cruiser, and one carrier. 


Brimson 


VIEDICINI 


\ destroyer is also under development, and 
a civilan-type transport has been approved 
lor those of you who are interested, the 
July, 1957, 


tailed article containing this) information 


issue of Nucleonics has a de 


6. There are two more prototype reac 
tors planned for West Milton, No Y.: ome 
at Arco, Idaho, and one at Windsor, Conn 
These will be for the 


in the near future 


destrover, aircraft carrier, and larger sub 


g 
marines, 
7. The Navy is justly proud of its Naval 


Radiological Defense Laboratory at San 


l'rancisco. It conducts research not only 
in the field of radiological defense but also 
in almost all other phases of radiation. To 
list all the research projects it has accon 
plished, and is currently engaged in, would 
consume much time. However, the SCOPH 
necessary for the nuclear Navy can well b 
imagined. 

8. The Navy has a 


arm which, of course. 1s capable of atom 


Very effective al 
weapons delivery. This capability naturally 
entails all the potential hazards that are 
normal to storage, handling, and dropping 
of these weapons. Furthermore, the atomi: 


arsenal must be carried to sea on 


While 


in. themselves, we 


ships 


atomic weapons are relatively safe 


must bear in mind the 
possible effects of collision, shipboard fire 
or bombing and gun fire. Of further in 


terest to Aviation Medicine is the effect 
of cosmic radiation on crews during high 
altitude flights, where the protection of the 
You have 


recently seen in various publications some 


atmosphere is lost or minimized. 


of the high-altitude research that is being 
conducted. A 


concerted effort 1s being 
made during the International Geophysical 
Year to accumulate information which will 
be useful in this potential problem. Of 
great interest will be the data acquired by 
the satellite project when it ts completed 

4%. While it is not a problem as yet, we 
must mention that the Navy is greatly in 
terested in the nuclear propulsion of 
aircraft. One of the Navy's jobs is long 
extended and observation 


range patrol 


| | 


With 


limitation of 


flight. nuclear power, the essential 


this function would be the 


human limitations of the crews. Further 
more, the use of reactors requires an in 
crease in the size and weight of planes. 
The Navy, of course, is fortunate in having 
almost unlimited runways for its seaplanes 

namely, the seven seas. There is even 
the peculiar advantage of the planes being 
on one of our best shielding materials. | 
refer, of course, to water. If there were 
an accident, the plane would not be near 
populated areas. All in all, the Navy is in 
an advantageous position to utilize nuclear 
propulsion for at least part of its air arm. 
There is still much design work to be done, 
since Weight for shielding is critical to an 
airplane. 

The above is a very brief summary of 
the many ways in which the Navy utilizes 
ionizing Naturally, this 
constitutes a potential source of damage t 


the human body, the Medical Department 


radiation. since 


of the Navy is vitally concerned all 
phases. Let when | 


refer to the Medical Department I do not 


me emphasize that 


refer solely to Doctors of Medicine as you 
may think. The Navy Dental Department 
More 


over, there is extensive participation by the 


is also concerned the problem, 
Medical Service Corps. ‘These personnel 
are highly trained specialists who hold vari 
ous degrees fields closely allied 
medicine, They are a vital adjunct to the 
Medical Department. | mention the point 
for those of you who may not be familiar 
with military organization, 


Meeting Hazards 


The Medical Department, as in all cases 
involving actual or potential harm to. the 
human organism, functions in an advisory 
and regulatory capacity. By the various 
methods of research it determines what the 
hazards are, recommends means of pre 
vention, and, in cases where hazards are 
unpreventable, sets certain maximum limits 
of tolerance which should not be exceeded 
in unavoidable accidents. We 


except are 


A. ARCHIVES 


OF INDUSTRIAL HEALTH 


at this time considering only the hazards 
The 


Navy, of course, does not set its own stand 


associated with atomic disintegration, 


ards of exposure which are at) variance 
with generally accepted levels as deter 
mined by other advisory bodies. We do 


participate fully in the researeh which leads 


to the establishment of these standards 
This is, at times, a difficult: proposition. To 
mention only one example in passing, let 
us consider the effects of the recently pro 
posed and generally accepted principle of 
decreasing the maximum permissible expo 
sure over a decade. This would appear to 
involve bemg only a litthe more cautious, 
or perhaps rotating personnel a little more 
frequently. Consider a ship at sea though 

it can carry only a certain number of 
men. Phese men certain 


must perform 


functions. Therefore, lowered standards 
necessitate some redesigning, hot only ot 
the reactor, but also of the ship itself. 
There are various other changes, other than 
pure design, that would help. But you can 
Imagine the magmitude of the task in any 
case. shall point out, however, that in 
no case was the design such as to allow 
the maximum exposure in any case, other 
than emergencies. The wide margin that 
Was meorporated is) such that) many 
cases no equipment change ts necessary, 
Such exposure records of the Nautilus and 
Seawolf as have been released clearly prove 
this point. Crew members of a relatively 
small, closely) confined, often sealed 
But 


you can see the effeet on the Navy that 


vessel received little or no exposure, 


the Medical Department has when it. sets 


maximum standards. Having established 
the problem, we then may work more ef 
fectively, and more closely with other 


departments solving: it, 

Without specifically detailing the prob 
lems involved, the Navy, in addition to its 
ships and planes, also has a vast shore 
establishment. This is subject to the same 
hazards of radioactive contamination and 


decontamination as any other piece of 


measures 


defense 


property. Radiological 


lol 
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IONIZING RADIATION IN Al 


must be of the very best, and continuous 
efforts made to prove them. At sea the 
problem Is even greater. 


The area cannot 


be evacuated. Protection and decontamina 
tion must be prompt, effective, and accom 
plished with minimum loss of fighting 
efficiency, In all of these defense measures 
the Medical will continue to 


play a vital role. As in all phases of medi 


Department 


cine, We strive primarily for prevention, 


and secondarily for treatment. As for 


treatment, 


there no alteration in 


our 
function. The principles and practices are 
the same as they have always been for the 


medical profession, 

\t this time let me pause briefly to em 
phasize a point that Dr. Ebersole will make. 
] request your earnest consideration of the 


fact. that the and 


hazards problems of 
ionizing radiation are not exclusively those 
of the military or other government agen 
cies. With the ever-growing use of atomic 
energy, there will be an increasing influence 
upon practically all phases of the practice 
of medicine and surgery. The hazards may 
never become of great importance, so per 
haps we 


may that the 


part is for vou to have an awareness of the 


simply say vital 
problems and an ability. to meet them 
should they arise. Radiation is a useful 
genie but one who is not a respecter of 
persons or boundaries. 

The Navy Medical Department is rigor 
ously pressing research in the fields opened 
up by the advent of radioactive isotopes. 
In 1954, Navy-wide use of radioisotopes 
amounted to approximately 55,000 me. Of 
this number, about 38,000 me. was used 


medically and the remaining 17,000) me. 


Brimson 
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Was used industrially 


In the calendar veat 


1956, indications are that this ratio has 
become reversed and that the industrial 
usage is now far outstripping medical 
usage. Many new uses of isotopes are 


being discovered continually, thus leading 
to improved manufacture and employment 
of equipment and supplies. This, in turn, 
adds greatly to the etheiency of the Navy. 


In conclusion, that my re 


may say 
marks have purposely been kept rather 
general. My attempt is to acquaint you 
broadly with the potential hazards of ioniz 
ing radiation in the Navy, and the function 
of the Navy Medical Departinent In meet 
hese hazards are 


ing them not unique 


to the Navy, and in the few cases where 
they do occur it is quite evident that the 
specie hazards and methods of prevention 
would be of a classified nature. | ean say, 
however, that in general all information of 
this nature which ts of benefit to the medi 
cal profession, or humankind, in’ general, 


has been freely released. | can also. state 
that, although the Navy's role in these mat 
ters has been stressed by me, all applicable 
information freely interchanged by all 
government agencies. | can assure you that 
the Navy will continue to make every pos 
sible progress appropriate fields of 
atone energy and that much of the tech 
nology will have extensive civilian applica 
tions. The entire medical profession and 
allied sciences can well be proud of their 
roles in the atomic age. 
Navy Medical 


carry out. its 


altered 


In particular, the 
Department continues to 
traditional although some 


what mission 


“to keep as many 
men at as many guns as many days as 


possible.” 
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Aviation medicine has made tremendous 
advances during the last few years, and the 
future looks still more interesting. Since 
this is a military panel, | will, for the most 
the 
problems in military aviation, but ask that 


part, deal with nonclassified medical 
you remember that much of what we will 
deal with here this morning is of concern 
in civil aviation or will be in the very near 
future. 

Aviation medicine is a specialty recog 
nized by the American Board and deals 
primarily with that specialty which enables 
trained medical men to work in conjunction 
with aeronautical engineers and human 
engineers in making it possible for man to 
exist in a hostile environment. The hostile 
environment primarily involves five spheres 
of interest, that is, the problems having to 
do with high altitude, high speeds, accelera 
forces, and noise and 


tion temperatures, 


vibration. It would be impossible to deal 
at any length with any of these five impor 
tant environmental factors, but it is impos 
sible also for us to understand the primary 
problems in aviation medicine unless basic 
atmospheric physiology is considered, be 
cause only with this knowledge can we 
understand the problems existing in space 
or the space-equivalent medium. It is not 
speculative to say that soon we shall see 
aircraft capable of flying at 200,000 ft. 
altitude and at over 3000 miles per hour 
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and also that the conquest of space is now 
within the grasp of the engineers. Already, 
rockets have carried animals well into. the 
fringes of the earth's atmosphere. Recently 
the Navy Strato-Lab balloon gondola with 
tWo passengers reached altitude of 
76,000 ft. This year an unmanned satellite 
is to be launched, and research is) now 
under way which will make it possible to 
such a craft. Therefore, the 


man space 


real problem of aviation medicine is_ to 
make it possible for a human to exist and 
function in this medium in order that he 
may be an integral part of a specific weap 


ons system. 


High Altitude 


As you know, the earth is surrounded by 


an envelope of a mixture of gases and 
water vapor which 1s held close to its sur 
face by the force of gravity. In other 
words, we live at the bottom of the sea of 
compressible air, 99 of which lies within 
20 miles or 120,000 ft. 


face. This layer of gas contains a mixture 


of the earth’s sur 


of nitrogen and oxygen and traces of car 


bon dioxide, hydrogen, and other rare 


We are 
three components, namely, oxygen, nitro 
Nitrogen is im 


gases. primarily concerned with 
gen, and carbon dioxide. 
portant to us only in that it comprises 
about 80 of the atmosphere and figures 
prominently aeroembolism. Carhon di 
oxide in the atmosphere is insignificant but 
comprises about 5 of the expired breath 
Water vapor in the atmosphere varies un 
der different conditions but gradually de 
creases until the air above 35,000) feet is 
practically dry. This is evidenced by the 
lack of clouds in the stratosphere. Oawygen 
is the main component of the atmosphere 
to’us as humans and composes about 


con 
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of the atmosphere. As we ascend in alti 


tude, the sea level barometric pressure of 
760 mim, gradually decreases, and with this 
we have a corresponding decrease in the 
oxygen partial pressure. At sea level the 
partial pressure of oxygen is roughly 159 
mim.; at 9000 feet, it is approximately 254% 
less. At 18,000 feet the partial pressure 
of Oxygen Is I, of that found at sea level: 
at 33,000 ft. it is 14; at 38,000 ft. it is ly 
at 50,000 ft. it is 'y, and at 100,000 ft, it 
is 195: Thus, we see as we ascend in alti 
tude, even up to the relatively low altitude 
of 100,000 feet, We are actually in a space 
equivalent atmosphere. We know that with 
the barometric pressure of less than 1,4 
atmosphere, or approximately 50,000. feet, 
man can no longer function and live unless 
pro 


ressure garment. 


he 1s breathing 100° oxygen, and 


tected by some type of 

In the Navy today we are making final 
operational refinements on full-pressure 
suit. This suit is a complete envelope with 
a spaceman type helmet which completely 
enfolds and protects the pilot regardless 
of what the altitude might be. Ultimately, 


and in the near future, we must progress 
to either a complete pressure cabin or a 
sealed capsule. 

\t the present time, our pressurized cock 
pits are of the ratio of 5 psi to | psi, 1 e@, 
while one is flying at 60,000 ft. ambient, 
the cockpit altitude is 23,000 feet. In other 
words, man must carry his own earth 
borne atmosphere along with him in_ this 
sealed cockpit. He needs oxygen to breathe; 
he needs a method of removing his expired 
carbon dioxide, his body gases and wastes, 
and the excess water vapor. Research is 
going forward now to deal with the prob 
lems of oxygen production, carbon dioxide 
and the reconversion of 


removal, waste 


solids and fluids into a usable state. 

The study of the structure of atmos 
phere reveals an interesting relationship 
between altitude and temperature. Rough 
ly, there is a decrease in temperature of 
2 C for every 100-ft. rise in altitude. This 
approximate relationship is true until about 


Snowden 


35,000 ft. is reached, and after this. the 
rather 
67 C. 


temperature zone ts called the stratosphere, 


temperature remains constant be 


tween —35 C and The constant 
and this region of the atmosphere is free of 
Water vapor, 

The problems of explosive decompres 
sion are always present where we have a 
high internal cabin pressure and for all 
practical purposes ambient vacuum 
state through which our craft must travel. 
| am sure you all recall the tragic explosive 
decompression suffered by the British 


And_ this 


transcontinental 


Comet aircraft. vear we have 


read about the flight ot 


our own commercial jet aircraft at. alti 
tudes where it would be possible for rapid 
decompression to take place. 

With aircraft that now top 1000° mph 
in military service, the problem of heat 


dispersion gets growing attention. For 
what was once called the heat barrier, sei 
ence now uses a more accurate term, the 
thermal thicket. The faster you fly through 
the earth’s atmospheric blanket, the farther 
into the thicket you get. At Mach 2, 
the speed of sound, the skin temperature 
Mach 3, 
it leaps to 650 F and at Mach 5, hardened 


like 


being attacked on many fronts. Air con 


twice 
of a plane can reach 275 F. At 


steel wilts lettuce. This problem is 
ditioners powerful enough to cool a theater 
were tested in the late famous X-3 research 
aircraft. In current missiles amazing ad 
vancements are being made in the design 
of heat-resisting materials and structures. 
This knowledge will speed the solution of 
thermal problems of piloted aircraft. 
Accelerative forces are the second im 
portant items of the pilot's problems. At 
extremely high speeds and maneuvers, the 
pilot Is subjected to G forces which result 
in pooling of the blood in the dependent 
areas of the body. Since the majority of 
operations result in positive G forces, ef 
forts have been concentrated in this area 
to protect the pilot. This is accomplished 
by any G suit which consists of a number 
of bladders which are automatically inflated 
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on the abdomen, thigh, and tibial areas. 
article 


that stated that the X-15, a rocket-powered 


Recently the newspapers contained an 


research plane which requires no ambient 
oxygen for its combustion, 1s expected to 
fly in the neighborhood of 4000) mph and 
as high as 200,000 ft. This, for all 


OSes, Is Space flight, and since then we 
| | g 


pur- 


have been given hints of an X-30 type ship. 
These accelerative forces produced at these 
extreme speeds result in a phenomenon 
and this is further 
complicated by the “break-off" phenom 


enon, 


called “weightlessness,” 


or feeling of separation from the 


earth. 

Escape from high-performance aircraft 
imposes still other accelerative forces upon 
the human body. At the present time, the 
escape mechanism used in jet aircraft is 
the so-called ejection seat. This is a device 
which, by means of an explosive type cata 
pult, thrusts the pilot free of the plane. 
The problem of sudden deceleration after 
ejection, the terrific compressive effects of 
the wind blast, and the tumbling of the 
seat were problems that we had to meet. 
Human and animal studies dealing with 
that approxi 
mately 1500 psi is the upper limit that a 
man’s body will tolerate. 


this problem have shown 
For purposes of 
orientation, this 1s roughly equivalent to a 
pilot’s ejection at 40,000 ft. at Mach 1.2. 
Since our present-day aircraft exceed this 
speed and altitude, a modification had to be 
made on the ejection seat. This resulted in 
attachments that would automatically clamp 
the head, shoulders, and legs in a position 
within the seat and the extension of a for 
ward boom which resulted in so-called 
of the wind. blast. 
This acts much like a bug deflector placed 


a 
“skip-flow” deviation 
on the hood of an automobile in order to 
The 


seat is now further stabilized by fins and a 


keep the windshield uncontaminated. 


small drag chute which reduces the tum- 
blings and oscillations of the seat. Obvi- 
ously, it was necessary to build into this 
unit lower altitude capabilities as this was 
an area in which a great number of our 
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ejections occurred, Other items to protect 
the pilot and to make the escape system as 
automatic as possible consisted of the ap 
plication of an automatic belt) release in 
order that the pilot can escape automati 
cally from the ejection seat. To this was 


added 


with a three-second delay interval and an 


an automatically opening. parachute 


aneroid which automatically opened when 
an altitude as low as 10,000 ft. was reached. 
This accomplishes two very important pro 
cedures. to free-fall 
through very thin atmosphere and to slow 


It allows the pilot 


down as he enters the denser layers and 
thus has reached a slower terminal velocity. 
This, in turn, results in the minimum open 
ing shock the parachute deploys. 
Likewise this makes it possible for him to 


when 


free-fall very rapidly on a limited supply 
of emergency oxygen through the very cold 
area of the upper atmosphere and to reach 
a low altitude where temperatures are com 
patible with life.’ In naval warfare it 


build 


escape possibilities, as a great deal of our 


was 
necessary also to more underwater 
efforts are expended over this medium. 
We have successfully accomplished under 
water ejection by a pilot, and our oxygen 
equipment when placed on 10067 acts 


a SCUBA apparatus. 


as 
leurther research is 
this leurther 
refinements in the survival-escape mecha 
nism for pilots will ultimately probably 
result in a detachable sealed cabin in which 


being carried on at time. 


the pilot will be protected not only from 
the rigors of high altitude and low tempera 
ture, but also from water, desert. and ene 
my territorial complications, and 
will be provided 


further 
with 
gear within the capsule. 


complete survival 
Together with this 
concept, We are proceeding still further in 
order to provide the pilot with a so-called 


integrated cockpit which will make it pos 


sible for him to operate extremely high 


speed missile-type aircraft by means of 
automatic cockpit computers, analogue com- 
puters, and weather capabilities through the 


use Of a transparent television screen in 


place of the present canopy front. 
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that much 


effort is bemg expended upon making it 


It appears from the above 


possible to continue to man an aircraft. 
now imoan era of guided, unmanned mis 
However, the little “black box” will 


never replace the judgment inherent ina 


seems even stranger in that we are 


siles. 


trained pilot ina well-guided weapons sys 
tem. 


Problems of Space Flight 


| think it would be wise to deal now with 
some of the problems specifically faced in 
space flight and to offer a few reasons why 


we are this 


interested in from a military 


standpornt, 


Scientists and engineers backed by the 


S. Government are headed for outer 


space. The cost of this campaign will be 
as astronomical as its objective, but the 
men who lead it consider its) success a 
national necessity. They point out that the 
earth’s atmosphere is an insignificant film, 
thinner in proportion than the skin of an 


apple, and that military technology is about 


to outgrow it, as it outgrew the earth's 
surface two world wars ago. Navigation 


of the air film is no longer enough. No 
nation will be safe unless it can also navi- 


gate the vacuum that hangs overhead. 
The new status of space flight, formerly 


made suspect by visionaries and fietion 
writers, was not defined in public until we 
recently held our Astronautics Symposium 


at San Diego. Planned as 


a small “contab” 
of space-minded missile men, this confer 
ence ballooned into a crammed mass meet 
ing of engineers and scientists representing 
airplane, electronic, and instrument com 
panies, as well as universities and all three 
armed services. A few years ago most of 
these hardheaded men would not have at 
tended a space-flight meeting except incog- 
nito. Now we are eager. 

The change in our attitude was caused 
by money tossed into the guided missile 
program in chunks. Next 


step beyond missiles is true space naviga- 


billion-dollar 


tion. So 


practically every company even 


Snowden 
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remotely connected aireratt produc 


lion Was represented at) San 


look as 


| rege and 


trying hard to space-minded as 


sible 


had 


sored to DFeserve: SECrets, but since nearly 


All of the 50-0dd papers been cen 
all of them were fruits of research, thes 


gave a good idea of what we consider 


worth investigating. [Elaborate papers, for 
instance, figured how to jockey a space ship 
through the atmospheres of planets other 
than the earth 


Much work 


equipment to communicate with space ships 
and inhabited 


has been 


done on radio 


satellites. The probable re 
actions of human bodies and minds to space 
conditions has been carefully investigated 
(ther scientists have tried to predict how 
much damage will be done to space borne 
objects by solar x-rays and ultraviolet rays, 
and by the Still 


instruments for 


niucrometeorites. others 


have worked on 


Space 


navigation; on how 


lo select, pss cholk 


cally, space crews; how to train them, and 


how to keep them alive with the least pos 


sible amount of food and oxygen 


Phere is an enormous difference between 


an intercontinental 


guided missile and an 


“inhabited” space ship or satellite. But the 


missiles, nevertheless, are excellent 

rocket 
thin-skinned tanks, delicate guidance svs 
tems, ete 


Instru 


ments of approach. Their motors, 


_ can also be used for space flight 
This is considered less difficult than boost 
ing a heavy thermonuclear warhead to a 
city-sized target 5000 miles away, and some 
groups think that it would be worth doing 
as a demonstration of U.S. spacemanship. 

The first stage of military space flight 
after the earth-to-earth missiles will prob 
ably be an unmanned reconnaissance satel 
lite The 21Y% lb. satellite of 
Project Vanguard will have little military 


peace ful x 


value, but rocket motors exist that can put 
a much heavier satellite into a permanent 
orbit. If big enough, it could carry a tele 
scope and a scanning device to send radio 
pictures of what it sees down to its spon- 
SOTS, 


It might also report bursts of heat 
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or hght—signs that someone has exploded 
a nuclear charge or fired a large missile 
on the far side of the earth. 

Ability to detect hostile missiles at the 
start of their flights will be an important 
military advantage in the uneasy world of 
the future, when each major nation has the 
power to blast its enemies by long-range 
rocketry. When the missiles plunge down 
through the atmosphere, they can be de 
minutes of 
Hight, and this leaves little time for evasion 


tected for only few last 


and counteraction. But if a satellite sees 
them blasting off deep in enemy territory, 
our team has a better chance to hit them 
with counter-missiles before they return to 
earth. 

These satellites will be subject to enemy 
attacks and to attempts to make them in 
effective by jamming their radio— signals. 
Space combat might begin in this remote 
bloodless rather as air combat 


and Way, 


began in World War | with pilots shooting 


at each other with ineffective side arms, 
1. e., Colt 45’s. 
Later stages could be less remote. Our 


interest in the selection, care, and feeding 
of space crews indicates that manned space 


vehicles are part of our long-range think 
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ing. Perhaps manned satellites, armed 


with defensive weapons, will come first, 


with small landing tenders to carry the men 
back to earth after their tours of duty. 
Most that 


bringing men back uncooked through the 


authorities seemed to believe 
thermal barrier is not forbiddingly difficult 

If one nation has established a manned, 
armed satellite as a 


pillbox revolving 


around the earth, rival nations will be 
forced to find means of destroying it. They 
may try manned vehicles that could maneu 
ver handily like P’'T boats of space. These 
satellites, 


shooting them down with space torpedoes 


vehicles could) harass enemy 


or filling their orbits with shot revolving 
in the opposite direction of 20,000 mph. 
The nations of the earth may decide that 


space navies armed with thermonuclear 


missiles are undesirable. However, the 


United States cannot count on this. It must 
assume, for the present, that space arma 
ments and space combat are probably out 
growths of existing missile technology 
Any other assumption might be almost as 
dangerous as dependence on saber-armed 


cavalry. Our own NACA has now an 


swered many of 
application of special metal to exposed sur 


faces, so-called border metals. 


these problems the 


— — 
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‘| he 


reau of Medicine and Surgery, is the focal 


Submarine Medicine Division, Bu 


point in the Navy for the medical support 


of all its underwater operations. “These 


operations may be divided into those of 
the submarine force and those related to 
deep-sea diving. this latter category 


are found such diverse groups as the sub 
marine rescue vessels and their complement 
of deep sea divers; the repair activities of 
the Navy, ashore and afloat, which employ 


divers; the underwater demolition units: 


the explosive ordnance disposal units: the 
school; underwater 


underwater swimmers 


ordnance test. stations and others where 
diving is less frequently done. The diving 
and the nuclear-power aspects of subma 


rine medicine will be discussed in) more 
detail in accompanying papers. 

Of recent date a number of articles have 
appeared in the public press which make it 
possible to speak speculatively concerning 
the impact of the atomic age on the field 
of submarine medicine. The first, by Prof. 
Edward Teller of the Radiation Laboratory 
of the University of California, appeared 
in the Air Force magazine.' In discussing 
the future of nuclear warfare, he compli 
mented certain portions of the Air Force 
for holding the fort during the transition 


from manned aircraft to 


the era of mis 


siles. He made the interesting point that 


with nuclear weapons and air superiority 
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the surface Navy may be foreed out of the 
picture, and concluded the Navy of the 
future Should be nuclear-powered subma 
rines capable of firing missiles. 

A series of articles reporting interviews 
with Admiral Chief of Naval Op 
erations,” 


Burke, 


indicate the carrier task force 1s 
not outmoded and will be protected by mis 
sile-firing surface ships 


task 


The mobility of 
the 


such forces on Vast eXpanses ot 
the oceans gives them a measure of security 
not available to airfields ashore. But it was 
indicated that for inshore activities requir 
ing security and remaining undetected the 
nuclear-powered — missile-firing submarine 
continues to lead the parade ot 


svstems. 


weapons 


Much publicity has been given the esti 
mate that the Russian Navy now has some 
thing in_ the 400 


No definite announcement of 


order of operating 
submarines. 
their having a nuclear-powered submarine 
has been made, but it would be folly to 
assume they are not working on this devel 
opment and, given time, will be 


build 


larly on the antisubmarine measures taken 


able to 
them. The press also reports regu 
to protect our nation, including the estab 


lishment of a new organizational element 
in the Atlantic Fleet with this responsibility 


as its mission. 

Since the USS Batfish sank three Jap 
anese submarines in a period of three days 
in February, 1945, it has become increas 
ingly evident that another submarine is the 
counter weapon most feared by a subma 
riner.* Only a submariner can appreciate 
fully the fearsome potential of a 
three-dimensional 


silent 
subsurface stalking of 


one submarine by another. Over a vear 
ago it Was disclosed our Navy will con 


struct a nuclear-powered killer submarine.* 
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Curiously this confirms an opinion of Gen. 
William ( Billy ) Mitchell expressed in the 
1920's, when he made the prediction, “The 
is other 


best defense against submarines 


submarines.” 

is 
the 
transmitted 


How does one know a_ submarine 


Surface vessels listen for 
of 
_ through the water. 


the skies 


impulses that discloses an airplane beyond 


about 
sounds their machinery 
Just as radar sweeps 
for the tell-tale echo of electric 
the range of visual detection, so does sonar 
the 
sonar 1s put to use: passively, by simply 
the the 
‘makes; actively, by 


search waters. There are two ways 


listening for sounds submarine 
sending out a sound 
and listening for an echo. But with either 
radar or sonar the sending of a searching 
impulse by a submarine may betray its 
presence. All the preceding has been cited 
to set the pattern of the future for you. 
We see that in addition to the traditional 
mission of to the 
fleet, added and 


strategic missions which are integrated into 


submarines, destroy 


enemy we have tactical 
the massive retaliation concept. 
From World War II we know that men 
go to 
effective for periods of two and one-half 
to The of 


power introduced capabilities, 


can sea on submarines and remain 


three months. advent nuclear 


has new 


which include greater underwater speed 
with accompanying gains in maneuverabil 
ity and mobility.” But the advantage hay 
ing greater impact on man is the possibility 
of staying submerged the entire period out 
of port. The denial of access to the sky 
is not the important consideration, because 
World War II 
certain pride in not having gone 
It the 


of the ship from the external en 


during submariners 
took 


topside 


many 
a 


is 


during an entire cruise. 
sealing 
vironment at the surface that poses the real 


problem. Nowhere else in man’s experi- 


ence does such a working-living environ 


ment exist. (This has been explored in 


earlier papers.’ Here a man will work, 


eat, sleep, and live in continuous close 


proximity to an operating nuclear reactor. 
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The triumph of engineering which makes 
this safe has been reported by Drs. [ber 
sole and Dobbins, the Navy medical officers 
serving on USS Nautilus and USS Sea 
Wolf. 


powered 


It appears that aboard a nuclear 


submarine submerged offshore 
may be one of the safest places a person 
could be in the circumstance of an atom 
bomb attack. The exposure levels for most 
crew members are less than many people 
receive from sources not ordinarily classed 
as habilities in this regard. 

The crew is not only sealed up with the 
reactor, but with the entire machinery in 
volved in living, which includes the equip 
ment to produce refrigeration, ventilation, 
air purification, cooking, dish washing, 
electric power (which comes from storage 
battery or a generator depending on cir 


cumstances), the communications equip 


let 


Here we have 


ment, the ordnance equipment, and us 


not forget—-with each other. 
an array Of occupational medicine problems 
concentrated in a capsule.® 

Beginning with personnel assessment of 
the all 


of 


volunteers—and submariners 


are 


volunteers-—a_ process selecting in as 


well as selecting out begins. This involves 
physical and psychological screening tech 
niques, including observation of the volun 
teers under stress (during escape training ) 
Special attention is given to. stability of 
personality, vision, and hearing. Each clin 
ically detectable defect is evaluated in terms 


of how it will affect performance and the 


prospects of its becoming an acute liability 


Minor variations from physical perfection 
are acceptable if they do not preclude an 
adequate standard of performance. Speciti 
cally, of recent date, vision standards have 
been revised slightly downward.* Exam 
ination of the requirements indicated that 
with longer service aboard submarines the 
ability to see at but 
that less than so-called perfect vision is 


As 


time 


distance decreases, 


adequate for most assignments." 
of 


the 


relative amount submerged in 


creases, the importance of visual scanning 


decreases. While the future of submarines 
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was linked with developments in the Diesel 
engines, the problem of high intensity notse 
With the Diesel engine 
displaced by the nuclear reactor this has 


was of concern.!* 


become less of a threat to hearing. How 
ever, fitting new sonar equipment to the 
human abilities to hear and interpret what 
is perceived continues as problem in 
human engineering.!!4 

The aforementioned are relatively tan 
Less standard 


gible matters. suitable for 


ization are the eriteria) for personality 
evaluation. We see for the future a pattern 
of the nuclear-powered missile-firing sub 
marine on outpost duty in various parts of 
the oceans. This is an integral cog in the 


machinery of massive retaliation which 
keynotes our national defense policy. In 
this situation men will be isolated from. the 
rest of the world except for a minimum of 
traffic. They 


constantly alert to avoid de 


incoming will of 


message 
necessity be 
tection, ready for action on a moment's 
notice, and unable to take an openly active 
role in the public view. The high propor 
tion of boredom in wartime activities, noted 
by military men many times, will for these 
individuals fill their cup very close to the 
brim. bor them the very nature of their 
duty and their equipment will give a com 
pletely new meaning to the name “Silent 
Service.” They will be unsung heroes who, 
when they return to their homes between 
cruises, must pretend they have passed 
through a period of being deaf and. blind. 
How does one select people for such condi 
tions? The concepts of selection used for 
World War IT, modified by the realisms of 
available manpower and enlightened by re 
cent. studies on small) group interaction 
provide a starting point. 

To this pemt we have considered only 
the matter of selecting men into this service 
from among the available volunteers. It is 
equally reasonable to consider the problem 
of selecting out. There is no substitute for 


experience. But how does one weigh in 
the balance the positive contribution of 
experience against the negative aspects of 
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advancing age and encroaching newer 


techniques? Some men, aggressive in their 


youth, become 


ultraconservative with ad 


vancing age and the increased respon 
sibilities of family life. How does one 


ditterentiate between the aggressiveness of 
coolly calculated courage and that of the 
folly of unsatisfied psyche Aggressive 
ness is essential but only when it fits the 
plan and pattern. In this brief comment on 
selecting out, attention has been focused on 
the problem presented by personality evalu 
ation. In a large measure this is solved by 
the normal promotional system so far as 
the operational units are Sub 
marine officers are young men in the more 
The 
of seeing, hearing, and new skills are most 
often felt in the enlisted ranks. 


concerned. 


junior ranks. selection-out problems 


Here they 
are largely compensated for by experience, 
Not in 


frequently an older enlisted man finds his 


comfortable 


spectacles Or in-service training. 


home in the submarine force 


has developed requirements beyond his 


skills and physical abilities. In the adjust 


ments of these 


Manpower men 


often 
volunteer themselves out of dutv aboard 


submarines. At the present time the selec 


tion out in not an important problem 


Now let us turn our attention to the 


environment of the submarine at sea sub 
merged. The first and most obvious matter 
is. the problem of control of the environ 
ment to make it a healthy one for the men. 
Since U.S. Navy submarines cruise in all 
climates from. the tropics to the arctic it 
build “cold 
submarines. 
Post-World War IL construction has seen 


has not seemed logical — to 


weather” and = “hot weather” 


the appearance of true air conditioning in 
submarines. Humidity control, and _ this 1s 
more important to the electrical installation 
than it is to the men. is accomplished by 
air coolers. Ce mfortable levels of tempera 
ture are controlled by reheaters downstream 
from the 


dehumidifiers. Because of. the 


widely variable heat and moisture loading 
Mm various compartments, it has been found 


desirable to 


abandon the 


centralized air 


197 


- 


treatment circuit and set up smaller local 


circuits within the over-all ventilation sys 
tem. Since electrical power 1s not so rigidly 
limited in a nuclear-propulsion submarine, 


it has been possible to provide greater com- 


fort than considered possible even as 
recently as World War Il. With a com 
tortable environment we then must make 


it a safely respirable one. Carbon dioxide 


exhaled must be removed; oxygen con- 


sumed must be replaced. Contaminants 
must be removed. One of the most promi 
nent contaminants is carbon monoxide. 
Although carbon monoxide is formed by 
any incomplete process of combustion, it 
appears to arise largely from the tobacco 
This habit be 


social that 


smoking of the crew. has 


come so fixed ino our mores 
prohibiting smoking is not regarded as an 
acceptable solution to this matter. In any 
large electrical installation ozone is always 
a potential contaminant. This is in large 
measure due to arcing of circuits. In sub 
marines, with their history of large storage 
battery installations and the related evolu- 
tion of hydrogen, there is an understand 
able concern about arcing circuits. Perhaps 
this explains why ozone has not appeared 
as an important consideration to date. 


Nuclear power may change this. 


The nuclear reactor which has made pro 


longed submerged periods possible has 
placed a new parameter in the field) of 
toxicology.'® The intermittent exposures 


of industry have provided us useful toxico- 


logical data in the past but there is a 
startling lack of information on long-con 
tinued exposure to low concentrations for 
many common contaminants. Because of 
vibration problems, marine engineers are 
of 


“minimal 


accustomed to thinking refrigeration 


systems in terms of leakage.” 
Hydraulic systems are not expected to be 
completely without leaks—a_ state some- 
times regarded as an engineering imposst- 
bility. 
of their technological advances in 


these fields that they have handled them for 


quite a while in the warehouse without any 
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this true, it Is 


While 


situation 


ill effects. 
the 


Irom this time onward it will be necessary 


may be 


not found on a submarine 


to know in advance the toxicological po 


tential of every single item taken aboard 


a submarine for a cruise, If any are in 


clined to be skeptical concerning this cau 


tious view of low-level concentrations of 


contaminants for long-extended exposures, 
they might refresh their memory with the 


fact it has been necessary to remove all 


radium-painted dials, including those on 


personal wrist watches, from) submarines 


Their presence not only gave difficulty in 
the radiologic safety monitoring program, 
but the possibility of building up undesir 
has) been demon 


able levels 


strated? 


exposure 


What, then, of the future of submarine 


medicine? Tf unsolved problems mean 


challenges, and challenges mean opportuni 
ties, the future has never been so bright 
Most of the old problems require restudy 
in the new frame of reference. Time and 
experience have widened the outlook view 
ing the man-machine relationship. This has 
wide new areas 


for exploration. 


The future les ahead, and what an oppor 


tunity it presents. 
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LT. COMDR. J. H. EBERSOLE (MC), U. S. N. 


Introduction 


The development of submarine nuclear 
propulsion has strikingly added new dimen 
sions to the scope of submarine medicine 
in at least three significant areas. The first 
environ 


of these is a result of the new 
mental situation created by reactor propul 
sion—an environment which” bears little 


similarity to that of the conventional sub 
marine. While understandable, it is errone 
ous to think of the medical problems of 
nuclear submarines as being a simple con 
tinuum of previous submarine problems to 
which has been added the factor of nuclear 
The the 


submersible, its effects, and its control rep 


radiation. environment of true 


resents a really new and unique entity, and 


within this field) radiation is but) one of 
many factors of interest. More will be 
said of the details of this” environment 
later, 

The second of the areas of significant 


change submarine medicine practice 


aboard a nuclear submarine lies in the 
necessity for strict supervision of radiation 
control measures during in-port periods. 
lor the most part medical and toxicological 
problems of previous submarines have been 


minimal or nonexistent during in-port 


periods of maintenance. In contrast, in 
nuclear submarines, radiation-control meas 
ures have actually greater significance dur 
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ing such periods than while at sea. It is 
during this time that reactor shield integ 
rity may be broken in order to allow work 


men access to the reactor system and. to 


allow work contaminated components 


in areas of radiation flux. Medical person 
nel must therefore be on the gui vive dur 
ing any such period until the operation is 
completed in order to adequately control 
personnel exposure and to insure against 
contamination. In 


spread of quantitative 


terms, if alertness may be so quantitated, 


approximately four times as much attention 
relative 


is required, on the basis of per 


sonnel exposure during maintenance as 
compared with that of at-sea operations, 
The third and, 


that 


perhaps, most important 
factor has expanded the boundaries 
of submarine medicine in the nuclear age 
is the fact that on nuclear submarines a 
medical officer is directly assigned as a 
crew member and is on board for all opera 
tions. [valuation of the medical problems, 
therefore, no longer depends upon second 
on-board 


The full 


impact of this intimaey is only beginning 


hand information or short-term 


observations in a guest capacity. 


to be realized and tinal evaluation remains 


for the future, but it can be assumed 
certainly that definition of the manifold 
problems cannot help but be improved 


Increased productivity of definitive solu 
tions will result. The rapid break-throughs 
in nuclear technology and the acceleration 
of new developments demand inti- 
macy for optimum results and maximum 
benefit to the submariner, whose health and 
efficiency are the prime interest of subma 
rine medicine. This opportunity for daily, 
the 


intimate, and long-term contact with 


submarine may perhaps be ranked as the 
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most important development submarine 
medicine since its inception, 

While this paper deals primarily with 
the radiation problem on nuclear subma 
rines, it is necessary in introduction to 
reemphasize the point that nuclear power 
represents more than just a radiation prob 
lem to submarine medicine. It is basically 


a study of the effect of a novel environ 


ment on the human organism, 


The Submarine Environment 


It has been stated previously that the 


nuclear submarine environment is unique, 


and a previous paper today has well de 


scribed this environment. It is necessary, 


however, to reiterate some of these ports, 


for they profoundly affect radiation control 


techniques and provide leitmotif the 


formulation of the radiation hygien pro 


vrai 


The single most important environmental 


factor with which we deal on nuclear sub 


marines is” the capability. for long sub 


mergence. All) previous submarines have 


been dependent Upon alr, save for relatively 


short periods, rarely exceeding 12 


the 


hours, 


after which time contact with atmos 


phere Was reestablished. Surfacing of the 
submarine at that time was required to run 


Diesel engines, which in turn charged the 


batteries which later propelled the ship 


submerged such 


Operation of Diesel en 
the combustion 
The Diesel 
snorkel has not. significantly changed this 
the snorkel 


the submerged submarine 


is an aerobic process 


of oxygen and a fossil fuel. 


situation, for tube, carrying 


air to for het 


Diesels, also carried fresh air to the ven 
tilation system and to the crew. This must, 
therefore, be considered as a simple variant 
of full surface operation, 

The impact of nuclear power lies in the 
fact that splitting or fission of the uranium 
atom to furnish heat for the production of 
steam is an anaerobic process— indeed, for 
technical reasons, oxygen must be excluded 


from the process. With this as the basis 


Ehersole 


S$ AND SI 


IW OL! 


for a propulsion system true submersible 


capability is achieved, 


Visualize such a true submersible as a 


streamlined steel capsule operating beneath 
This 


sub-mimature world, must maintain an at 


the ocean's surface. microcosm, this 


mosphere and ecology compatible not only 
with life, but with combat-efficient life for 
the personnel contained within it. An im 


portant limiting factor 


that 


in this ecology ts 
volume 1s 


little at 


such an atmospheri con 


tained and tinite, and, therefore, 


dilution of toxic air-borne 


We 


this” relates particularly to the 


mospheri any 


substance can be expected Will see 
later how 


control of air borne radioactive contamina 


tion 


conditions 
These 


continuous supply of oxygen to 


In such an environment three 


must be met in order to support life 


ATC ayia 


mamtam normal concentrations: ¢/)) a con 


tinuous removal of normal human metabolic 


products, 1. COs c) either prevention 


of o1 provision removal of any toxt 


substance released as a result) of ship's 


Operation or equipment 


\s a corollary to these, a vigorous and 


continuing study must be made of atmos 
pheric conditions aboard to discover 
sible 


shown 


pos 


new toxic elements. [experience has 


that many of the “new” elements 


we have met have existed in conventional 


submarines, but were either hot recognized 


or were quite properly disregarded since 


significant time-concentration values were 


not obtained with the limited submergence 
~ 


times of the prenuclear period 


\s an example have 


group, we 


experienced repeated difficulties with a 


common. refrigerant used on subma 


Yas 
rines 


that 


for several vears 


the 


It was recognized 


systems containing this material 


were not leak-tight, but the time-concen 


tration values for the were not con 


gas 


sidered significant. With submerged times 


of days and weeks, however, significant 


and symptomatic concentrations of the gas 


and its breakdown products are experi 


enced 
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Many traps await the unwary in forecast 
ing presence or absence of a given toxic 
compound An 


example is that of carbon monoxide, whose 


in such environment. 
production was previously linked chietly to 
Diesel’ exhaust 


of Diesel propulsion one might expect this 


fumes. With the passing 
problem to be minimized. On the contrary, 
(100 parts per 
million) have been reached within 30 hours 
The 


chief source is tobacco smoke, a source not 


tolerance concentrations 


submerged on nuclear submarines. 
previously emphasized. 

These problems, and others like them, 
for the most part have been solved by the 


Medical 


personnel have a vital contribution to make 


development of removal systems. 


to the engineer in the design of such sys 
tems by establishing desired operating con 
The 
concentrations 
held sub 
marine medicine has long been interested, 
for standard 


centrations. establishment of such 


permissible for long-term 


exposure represents a in- which 


tolerance values, based on 
the industrial eight-hour-per-day, five-day 
week, are not acceptable by a large factor 
aboard operating submarines where recov- 
ery from exposure may not be possible for 
many days. This principle equally applies 
to maximum permissible values for radia- 
tion levels as well as for toxic gases. 
Before passing on to more specific details 
of the radiation problem, we might point 
out as a sidelight that these environmental 
factors may equally apply to space medi 
cine, and, indeed, one might simply substi 
tute for submarine this 


space ship 


discussion of environment. 


Radiation in the Submarine Environment 

Radiation hygiene in a submarine, an 
environment radically different from that 
‘of land-based reactors, presents the neces- 
sity of adapting and modifying standard 
control techniques. In many respects this 
toward effi- 
cient radiation hygiene. The following fac- 
tors, for all to 


radiation control 


novel is hostile 


environment 


example, will 


the 


operate 
increase shipboard 


problem : 
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1. The closed atmosphere of a submersible, whicl 


allows for little dilution of air-borne radioactivity 


by dispersion in air 


» 


2. Lack of space for such requirements as 


multistaged monitoring stations 


3. Proximity of living, eating, and food prepara 


tion areas to an operating reactor system with 


possible contamination hazard 
4. The 


seven-day week with no possible Ott -site 


‘ 
submariner’s work week, which is a 


recupera 
tion from exposure 
5. The 


lion 


constant and relatively rapid) recircula 


of ship’s air through the yentilation syvsten 


when the ship Ss submerged, allowing tor rapid 


spread of air-borne radioactivity trom one to 


another 

more closely, there are many inherent fac 
tors that 


however, one examines a submarine 


will tend to assist radiation con 
trol. First of all,.the submarine is arranged 
The 
section of the pipe, 
atfect 
personnel only within the compartment tt 


horizontally like a long sealed) pipe. 
reactor 


the 


compartment 
chief source of radiation, can 
self or immediately forward and aft of it. 
Shielding is thus simplified, and the advan 
tages of linear distance can be optimized 
by locating full occupancy areas with zero 
aft 
of the compartment, thus in effect providing 
off-site As the 


concerned, shielding in three planes only 1s 


radiation levels either well forward or 


an area. far as is 


crew 
vital, and full circumferential shielding of 
the system is not necessary. 

factor is 


additional important that 


our sealed pipe is horizontally divided imto 


a series of compartments by stout water 
tight bulkheads. This allows rapid isola 
tion of a given contaminated compartment 
simply by shutting a watertight door and 
the 


ventila 


securing ventilation to that area. In 


case of the reactor compartment, 
tion supply and exhaust lines pass through 
the compartment without opening into it. 
Since this is the potential area of contam 
ination, pick-up by the ventilation system 
can be avoided. 

Additional helpful factors are the small 
number of personnel in a submarine crew 
which of 


and control, and lack of multiple exits and 


allows for ease communication 
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entrances that must be guarded by monitor 
Ing Stations. 

These advantages and disadvantages can 
be synthesized into an effective shipboard 
program. lor example, contamination con 
trol is built around the compartmentation 
system, occupancy of the reactor compart 
ment is held to a minimum by placing mas 
ter control outside this area; contamimating 
casualty bills require rapid shutdown of the 
recirculating ventilation cycle: protective 
clothing is dispersed fore and aft of the 


engineering spaces for accessibility. 


The Reactor 


Before discussing the personnel exposure 


problem aboard nuclear submarines, 1 is 


necessary to briefly describe the reactor 
system 
A water cooled reactor may be consid 


ered simply as collection of uranrum 


atoms. Bombarded by neutrons, the urani 
um atoms fission, or split, and release a 
tremendous amount of radiation and kinetic 
energy as heat, which can be removed by 
the The 


two atomic fragments remaining after the 


water flowing through reactor. 


parent uranium atom is split are the fission 


daughters, and are intensely radioactive, 
emitting both gamma and beta radiation. 
These fission daughters cause residual re 
the 


then, 1s 


radiation atter reactor shut 


The 


both for prompt fission radiation (gamma 


actor 


down. reactor, responsible 
and neutron) and residual radiation (gam 


ma and beta). These are not the only 
sources of radiation, however, for the re 
actor as it operates produces high levels 
of neutron radiation in its vicinity. These 
neutrons will activate stable nonradioactive 
atoms in the coolant water flowing through 
the reactor. These important activated 
atoms in the coolant water will be described 
in more detail later. 

As water flows through the reactor the 
temperature of the water is raised by the 
fission process, and this heat, in turn, can 


be transferred to a steam-generation sys 


tem through a heat exchanger or boiler, The 


libersole 


coolant water leaving the heat exchanger 
is then propelled back through the - reactor 
by a pump. 

Phere are two important ports to note 
about this svstem: First, the piping carry 
ing this coolant water 1s a leakproof sys 
tem: secondly, the steam generated 1 the 
heat exchanger is not radioactive. Note 


that the radioactive coolant) Water Sees” 


the steam only through the walls of the 


heat exchanger; there is no contact between 
and the steam This 


radioactive water 


steam can thus be easily transferred from 
the reactor area without shielding for radi 
ation and used to turn a conventional steam 
turbine. 


Circulating in the coolant water are the 
neutron activated radioactive atoms we have 
lhe metalhie 


active atoms will tend to stick on the inner 


the 


mentioned previously radio 


surface of piping, an phe 


effect 


nomenon, having an both im raising 


radiation levels in the area and im necesst 


tating precautionary measures for contami 


nation control whenever the system) piping 


Is opened These rachoactive atoms in the 
system piping continue to radiate after the 
reactor is shut down and they are chietly 
responsible for the gamma radiation levels 


The 
the 


in this compartment at that time. 


residual fission radiation from the 
fission daughters in the reactor itself, being 
well shielded, makes little contribution. In 
the case of the longer radioactive atoms in 
the coolant, there will tend to be increasing 
build-up with time so that static conditions 


will not be met in regard to radiation dose 


in this area. but will tend to increase with 
time. 

The compartment contaming the reactor 
system is a section of the submarine termed 
the This 
horizontally 


reactor compartment. compart 
divided deck 
forming an upper and a lower reactor com 
The deck thick 


below which is placed the reactor 


ment 1s by a 


partment. is actually a 
shield, 
and all the coolant system. 

The upper reactor compartment sees no 


contaminated coolant water, only nonradio 
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active steam. Gamma and neutron radiation 
will enter the upper level through the shield 
when the reactor is operating, but not in any 
degree which prohibits working in or man- 
ning the upper compartment. The highest 
level of radiation in the upper compartment 
is above the reactor area and sharply falls 
off with distance from that point. Levels in 
the after-section of the upper compartment 
at full power, for example, are of the order 
of only 5 mrem per hour. 

It must be emphasized that the reactor 
compartment is the only area on the ship 
exists. All 


similar to those on con 


where a radiation flux other 


compartments are 
ventional submarines. Outside of the reactor 
compartment, crewmen, when submerged, 
receive less radiation than when ashore, 
owing to the shielding effect of the water 
on cosmic radiation. This effect is noted 
on background radiation, which decreases 
to a third of 


in depth of the submarine. 


surface values with increases 


To return to the lower reactor compart- 
ment, the majority of the radioactivity in 
the coolant water has a short half-life, and 
because of its rapid decay the lower area 
can be entered after shut-down. 


While 


mains, the 


reactor 


some reactor residual radiation re 


chief source of radiation is 


gamma from the “plate-out” activated 


atoms inside the piping. Normally, there 


will be no exterior contamination present 


unless the system has been opened previ 


ously and contaminated coolant water 


spilled. 


Prior to entry into the lower reac 


tor compartment after reactor shutdown, 


ship's personnel are 


preceded by Medical 


Department members who survey and 


monitor the area, checking for surface con 
tamination, air-borne radioactivity, and de- 
gree of potential exposure. Permissible 
stay times in the lower compartment are 
determined and requirements for protective 
clothing formulated from this information. 
Monitoring stations are also established at 
exit points from the compartment, and 
personnel leaving the area are carefully 


checked The 


monitor- 


for contamination. 
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ing points are also used as change areas 
if protective clothing is required, 


Radiation Exposure Limits—Their 
Meaning 


One of the often misunderstood aspects 
of radiation exposure is a faulty concept of 
maximum permissible exposure levels, par 
ticularly in relation to presence or absence 
of clinical findings. In dealing with any 
potentially toxic material industrially, be 
it lead, toxie solvents, or radiation, it) 1s 
necessary for operational purposes to com- 
promise between zero exposure and the 
levels known to cause detectable biological 
This 
called tolerance, 1s usually placed well be 
threshold of 


effects. compromise value, often 
clinical 
threshold 


Is typical of the 


low the minimum 


change by a large factor if a 


clinical response 


element. 


In arriving at such a maximum permis 
sible value, one uses historical observations, 


human clinical and laboratory data, and 


animal experimentation. lor continuous 


application the permissible exposure ar 
the threshold 


known to produce detectable change even 


rived at must be well below 
if the exposure should last over the entire 
work life of the individual. This 1s usually 
accepted as being 30 years in duration 
Since for many clinical effects the rate 
of exposure is equally as important as, if 
not more important than, the total inte 
grated amount received over a given period, 
permissible levels are often expressed in 


terms of a rate. In the case of radiation, 
the rate of total body exposure rather than 
the total dose is the more important, except 
for genetic, and possibly longevity, effects 
kor example, 40 r of total body gamma 
radiation received over a period of eight 
years will produce no effect on the hema 
tology of the individual, vet the same dose, 
if delivered in minutes, will produce de 
monstrable findings. In this latter case, the 
time-dose relationship is such that the rate 
of tissue regeneration is exceeded by the 
rate of tissue damage and the deficit be 
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tween damage and repair detected periph 
erably as a change in. blood count. In 
general, most radiation effects show this 
threshold phenomenon, 

The permissible exposure basically used 
in. shipboard shielding design is 300 mrem 
per week measured in air, Note that this 
is not a wartime, or single, emergency, OT 
casualty exposure, but an industrial type 
application for continuous operation over 
a work lifetime. It 25 to 40 rem total body 
radiation 1s required as the threshold dose 
to just initiate leukopenia, one of the most 
sensitive of biological indicators, it is obvi 
ous that one cannot depend upon clinical 
laboratory procedures lo control radiation 
exposure at or below the 300 mrem per 
week tolerance level. In the hematological 
example the threshold of a sensitive bio 
logical indicator 1s 150 times greater than 
the maximum allowable weekly exposure 
of 300 mrem, far too high to be of any 
value 


The important and often misunderstood 


is that personnel exposure control 


and exposure measurement at or helow 
mraxinrent permissible levels is entirely de 
pendent upon instrumentation. Clinical 


laboratory procedures are of Ne value m 
this regard This point 1s emphasized be 
cause of the repeated questions, mot limited 
to laymen, concerning clinical findings on 
our personnel, particularly in relation to 
hematology. The lack of reality in these 
questions is obvious when the exposure 
pattern on Vautilus and Seawolf is ana 
lyzed. This point 1s emphasized because 
of the potential danger inherent in the false 
idea that routine blood counts constitute a 
radiation hygiene program. If such a pro 
gram were mistakenly used as a control 
measure, gross overexposure by present 
tolerance standards would result. 

A second point that requires emphasis 
is that, since permissible levels are well 
below the biological threshold, cumulative 
effects by definition cannot occur, since rate 
of tissue and cellular repair will always 
exceed rate of damage. Note this holds 


I:hersole 


true only for effects that show a threshold 
phenomenon, and does not apply to such 
nonthreshold phenomena as genetic change, 


where cumulative effects can occur 


The Exposure Record 


The preceding statements become more 
emphatic when the personnel exposure 
data of Nautilus and Seawolf are analyzed 
At the presently accepted permissible ex 
posure of 300 mrem per week, during the 
30-week period of one year one may Te 
ceive 15.000 mrem (or 14 rem). Recent 
recommendations from the National Com 
mittee on Radiation Protection may 
eventually officially reduce the weekly per 
missible exposure to 100 mrem_ per week 
On a yearly basis this would be 5000 mrem 
(or 5 rem) per man per year Bearing the 
figures of 15,000 and 3000 mrem per year 
in mind, note the following average eXpo 


sures pel Mian per year 


1. Oh eT i 
2. On N 1 1 a t 
ni 1 per ul 


Seawolf exposure data 1s extrapolated 
from data obtained during the first six 
months of her first fully operational year 

These figures of average yearly individ 
ual exposure at their maximum represent 
1.4¢¢ of the official permissible exposure 
and less than 5¢¢ of the proposed new 
permissible exposure level. 

If. rather than the average exposure, the 
maximum individual yearly exposure ts 
used, a wide differential still exists between 
the actual and the maximum permissible 
level. The following represent the highest 


individual yearly exposures recorded : 


1. On Nautilus 1 19 1438 mren er vea 
On Nautilus m 195¢ 2100 mrem per year 
On Seawolf in 1957 1126 mrem per yea 


(extrapolated) 

Taking the highest figure, these maxi 
mum exposures represent values of either 
14¢¢ or 440 of the maximum permissible 
exposure per year. 

Almost 300% of the crew receive no meas 


urable exposure. The remainder of the crew 
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spend varying periods of time in the reac 


lor compartment and, therefore, receive 


some exposure. This is the only section 
of the ship where exposure can be received, 
owing to the conservative shielding de 
scribed previously, 

Phis exposure record serves to emphasize 
the tact that all of our experience to date 
is well below the level both of clinical effect 
and of maximum 


permissible exposure 


values. 

In the absence of any dependable clinical 
effect to quantitate human exposure, our 
dependence upon insirumentation 1s great. 
Phe data given above, for example, were 
obtained from personnel film badges worn 
by all hands on board. Such personnel ex 
posure is measured by the film badge and 
the pocket dosimeter. The ship maintains 
its own photodosimetry program, including 
capability, as well as a full-scale monitoring 
and full 


Radiation 


radiochemical program for 
film 


monitoring equipment, counter-scalers for 


proe 
essing of the badges. 
sample counting, radiochemical equipment, 
tanks, 
and other equipment are located in a small, 


radiation sources, film-processing 
compact laboratory under Medical Depart- 
ment cognizance duplicated in both ships. 
In addition to the 


analytical equipment in the laboratory, pro- 


concentration — of 


tective clothing, including filter masks and 
emergency radiation measuring devices are 
dispersed throughout the ship. 


Medical Department Duties 
The Medical Department of each ship 


consists of submarine medical officer and 


two hospital corpsmen, although more 


corpsmen may be assigned from time to 
The 


officer, besides his regular submarine medi- 


time for training purposes. medical 
cine training, will have received at least an 
academic year of training in nuclear medi- 
cine, and will usually have had several 
months’ experience at an operating land 
The 


ceived at least nine months of training in 


based prototype. corpsmen have re 


radiation hygiene techniques, and also par- 
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ticipate in the course ii nuclear engineering 


given to all engineering rates. 
While ai sea 


is on wateh in the laboratory at all times. 


one of the three members 


During his watch he is) responsible for 


following a schedule of various radiation 


checks. For example, every four hours 


portable air samples are taken in the engine 


room and reactor compartment and proce 


essed in the laboratory several check 


points in the reactor compartment are spot 
monitored for gamma and neutron radia 
tion as a check on shield integrity; constant 
monitoring equipment through the ship is 
checked, read, and recorded eve;ry watch; 
liquid samples from various portions of the 
engineering plant are processed and count 
ed on a watch basis in order to maintain 
a constant record of radioactivity. present 
All radiation-measuring devices be 
standard 
Weekly the entire ship 


is smeared as a check on surface contami 


checked daily for accuracy with 


radiation sources. 
nation. [Every two weeks personnel film 
badges are collected, processed, and results 
recorded. When the ship is submerged, in 


addition to the radiation measurements, 
determinations of oxygen, carbon dioxide, 
carbon monoxide, and other gases are made 
every two hours. 

During in-port periods, if work is sched 
uled in the lower reactor compartment, 
particularly if disassembly of the system 
is involved, the work-load increases mark 
edly. For, in such a period, the control of 
contamination in the confined space of a 
submarine represents a great challenge. 

In such a period monitoring points must 
times determined 


be manned, work 


radioactive areas, protective clothing re- 
quirements decided upon, and transport of 
contaminated material supervised. Decon 
tamination facilities may have to be estab 
lished. 
varies with the type of work scheduled, 
check 


situation re 


The situation is never static, but 


and therefore a continuous system 


must be maintained. [ach 


quires its own analysis and solution. 
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The Future 


The problems of the future with the ex 
pansion of the nuclear Navy are the follow 
ing: 


1. Need for training of personnel and develop 


ment of shore-hased facilities for handling repair 


and maintenance of nuclear ships, especial 


processing of contaminated equipment on the slap 


and or the base, establishment of dosimetry and 


monitoring facilities for personnel involved, «de 


velop emt aot special laundry tacilities tor con 
taminated laundry, use of material decontamination 
techniques 

> Development of more accurate Instruments 


for relat 


bio 


neutron 


radiation measurements to. true 


particularly in the field ot 


3. Development of long-term traiming 


for both officer and enlisted medical personnel im 


ld of radiation hygiene 
Continun 


submergence, particularly in the 


« research on the effects of 


pro 
longed identifica 
tion and quantitation of all atmospheric elements 


ler such 


built up un circumstances 

But these are problems limited to the 
Navy, where nuclear power is in being 
What of the 
significance to the civilian medical profes 


An taken 


Vucleonics magazine, demonstrates the dra 


rather than potentiality. 


sion as a whole? article from 
matic increase in the number of operating 
civilian reactors by 1960. With such accel 
eration, medical problems are bound to 
appear in this area, and can potentially 
involve all of us if in nothing more than 
in allaying the chronic semihysterical out 
look of the public in any matter concerning 
nuclear radiation. 

It is a mandate for this generation to 
develop new sources of energy in order to 
meet the challenge of diminishing fossil 
fuel supplies in the future, and nuclear 
power is the most promising development 
to meet this challenge. One has only to re 
view the events of the past months in the 
the 


fuels 


world’s 
the 


Suez area to understand 


dependence — upon fossil and 


consequences of any dimimished supply 


of them. Yet, diminish they must, and 


at a rapid rate by the early 21st century, 
with industrial 


consequent lowering of 


potential and standards of living if sub 


S AND 


stitutes are not available. Great Dritain 


with a chronic 


fuels 
and great dependence on the world’s oil 


shortage of fossil 
supplies has already launched a large-scale 
civihan nuclear power program and already 
has at least one unit in operation. 
Specifically, the physician interested in 
industrial medicine will be deeply thvolved 
in evaluating and establishing future radia 
the 


find wound contamination a 


tion-control programs: traumatic 


May new 
factor; the ophthalmologist will be used in 


physical screening of personnel for 


the 


pos 
terior subcapsular opacities: Internist 


will be imvolved diagnostic problems, 


not the least of 


which 


may be emotional 


in origin in relation to radiation; hematol 
ogists will play a part in evolving exposure 
and preemployment. findings. 

We must not, then, consider this a lim 
ited field, confined to a handful of military 
specialists, but a field 


all. 


mentioned, 


f potential future 


significance to us from the 


Apart 
specialized problems the pro 
fession should be cognizant of this tech 
nology and its effects, simply to answer 
the questions from a public beleaguered 
with conflicting statements related to weap 
ons and weapons effects, so often confused 
with reactor radiation problems. 


It would seem prudent to incorporate 


such subject) matter into medical school 
curricula as soon as possible, perhaps in 
corporating it into present industrial medi 
cine courses, perhaps as part of radiology, 
but by any mechanism assuring our capa 


bility of dealing with the problem. 


Summary 


Various aspects of radiation control 


aboard submarines have been discussed, 
emphasizing important environmental fac 
tors. Personnel exposure data from Nauti 
lus and Seawolf have been presented. A 
brief discussion of the significance of nu 
clear developments to the medical profes 


sion has been given. 
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Medical Aspects of Recent Trends in Diving 


CAPT. GERALD J. DUFFNER (MC), U. S. N. 


The 


recent increase in the importance of diving 


circumstances responsible for the 
to the medical profession has, like great- 


ness in some circumstances, been thrust 


upon us. It was the invention of the 
Cousteau-Gagnon demand valve, which per- 
mits a man to swim unhampered by surface 
connections beneath the water while breath 
ing compressed air from a flask on his 


back. 


have been threefold. 


results of this invention 
First, 


our horizon in the military 


The net 
it has widened 
applications of 
fascinating re 


diving, creating a need for 


search in human physiology; second, diving 
has become a part of many commercial and 
scientific ventures. A few examples are oil 
exploration, oceanography, marine biology 
and geology, and last, but by no means 
least, it has created an attractive new sport 
and has almost literally “placed a ‘frogman’ 
in every mud-puddle throughout the coun 
try.” 
The 


speaking in a broad sense, stems from two 


social impact of this invention, 
sources. One of its inventors and principal 
proponents has the zeal of a reformer, the 
spirit of an explorer, the underwater fa 
cility of a dolphin, and the literary clo 
source for 


quence of a poet. The second 


good or evil stems from the contrast be 
tween conventional diving equipment and 
the self-contained underwater breathing 
apparatus (SCUBA), usually .referred to 
as scuba. On the positive side of the ledger 
we can list these factors: Scuba equipment 
Received for publication Jan, 4, 1958. 

Read at the 22d 
national 


1957. 


Annual Congress of the Inter 
College of Surgeons, Chicago, Sept. 12, 
The opinions or assertions contained herein are 
the private ones of the writer, and are not to be 
construed as official or reflecting the views of the 
Navy Department or the Naval Service at large 
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is less cumbersome and less costly than 
conventional diving equipment. The scuba 
diver can cover greater distances than the 
conventional diver and perform tasks re 
quiring considerable manual dexterity and 
mobility. Scuba equipment can, and we 
might add, unfortunately, be used by some 
one with little or no training. On the 
lacks the 
protection otfered by the deep sea diver’s 


negative side, the scuba diver 


helmet and dress. He lacks communication 


with the surface. His depth, duration of 
dive, rate of ascent, and decompression are 
more difficult In addition, the 


scuba diver finds himself confronted with 


to control. 


both the hazards of diving and the hazards 
of swimming. 
The 


diving logically divide themselves into three 


medical problems encountered in 


categories: ‘those occurring during the de 
scent or compression phase; those occur 
ring on the bottom or while compressed, 
and those occurring during the ascent. or 
decompression, 

As we descend into the sea the pressure 
increases at the rate of 0.445 p. S. 1, each 
foot. This means that the diver’s respira 
tory mixture must be increased in pressure 
by at least the same amount or he will be 
The must 


equalized with the air-containing spaces of 


“squeezed.” pressure also be 
the body. These include the lungs, para 


nasal sinuses, middle ears, and also. the 
minute air -pockets beneath faulty dental 
fillings and inlays. Nature abhors a vacu 
um and in this situation will attempt to fill 
it with tissue or exudate, much to the dis 
comfort of the diver. 

While compressed the diver finds himself 
face to face with the law of partial pres 
sure. Increasing the partial pressure of the 


atmospheric constituents can produce harm 


. 
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ful effects. contaminant, such as 


Any 


carbon dioxide or carbon monoxide, is 
potentiated by its greater partial pressure. 
The nitrogen in the air becomes an anes 
thetic. Oxygen when breathed at a partial 


pressure greater than two atmospheres 


absolute becomes a convulsant, 

During the time the diver was disporting 
himself on the bottom, nitrogen was being 
dissolved his body Huids and tissues. 
Instead of his body containing the approxi 
mately one liter of dissolved nitrogen. that 
it did on the surface it now contains con 


siderably more, depending on 


the depth 
and duration of the dive. In the course 


of its manufacture, a soft drink becomes 
carbonated. This is accomplished by dis 
solving carbon dioxide in the liquid under 
pressure. Similarly, during the course of 
the dive nitrogen is dissolved in the tissues 
of the diver’s body. Instead of being car 
bonated the diver is nitrogenated. He is, 
however, without the benefit of a 


keep the nitrogen from “bubbling” when 


the pressure is released. In addition, the 
air-containing spaces of the body have be 
come filled with compressed air. This latter 
condition gives us trouble only in the case 
of the lungs and digestive tract. If free 
egress of the expanding air in the lungs is 
denied during the ascent, we 


can expect 


either mediastinal emphysema, pneumo 


Dur 
ing the ascent the diver who chewed gum 


thorax, or air embolism, or all three. 


to help “pop his ears” during the descent 
now has The 


expansion of the compressed air swallowed 


cause to regret his action. 
during the dive is quite painful but, in my 
experience, fatal. 
sickness or the bends is of course the most 
Asep 


tic bone necrosis is believed to be a late 


never Decompression 


widely recognized hazard of diving. 
effect of inadequate decompression. Later 
| will say more about air embolism, de 


compression sickness, and aseptic bone 
necrosis. 

With this hurried review of the medical 
problems of diving behind us, | will next 


tell you some things | think will be of 
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DIVING 


interest, and, lastly, discuss some conditions 
with which | think you may be confronted 

Drowning is an ever-present hazard of 
swimming. It is even a greater hazard in 
scuba diving. Equipment failure is always 


possible. lf the diver is careless, his 


chances of getting into trouble are in 
creased by the danger of oxygen poisoning 
or nitrogen narcosis, 

Phe exact physiological mechanisms un 
derlying oxygen poisoning remain unestab 
lished. 


Clinically, the manifestations are 


those of acute central nervous system stim 
The 


seizures, once under way, are indistinguish 


ulation characterized by convulsions 
able from grand-mal epilepsy. The convul 
sive phenomena are sometimes preceded by 
sypmtoms such localized muscular 
twitching, nausea, vertigo, anxiety and rest 
lessness, disturbances of vision, and pares 
thesias 

Nitrogen narcosis has been called “the 
rapture of the depths” by This 


phenomenon, which resembles aleoholic in 


Cousteau 


toxication, has been known to deep sea 
divers for a long time. It follows what we 
facetiously refer to as ‘“Martini’s rule,” 


that is, a dive to 100 ft. is equivalent to 
one cocktail before dinner: a dive to 200 
ft. is equivalent to two cocktails. and so on. 
At a depth of 300 ft. a diver 1s practically 
ineffective. In the Navy we generally use 


helium-oxygen mixtures for 


diving to 
depths in excess of 200 ft. and always at 
depths greater than 300 ft. 


As stated earlier. the decompression 


of the scuba diver 


amount of difficulty 


presents certain 


Since he cannot be 
communicated with from the surface. he is 
almost obliged to keep track Of his own 
exposure and decompression. The amount 
of time a man can spend under water with 
out decompression varies inversely, and al 
most exponentially so, with the depth. For 
example, he can stay 120 minutes at 40 ft. 
43 minutes at 70 ft., 25 minutes at 100 ft.. 
and only 15 minutes at 130 ft. In the mili 
tary applications of 


scuba, it would be 


highly desirable to increase the duration 
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of these “no-decompression” dives. One 
possibility of doing this is by breathing 


de- 


compression sickness never occurs follow 


oxygen-enriched air mixtures. Since 
ing dives on pure oxygen (of course this ts 
only possible to a depth of 35 ft.), there 
is adequate reason to believe that the par 
tial pressure of the inert gas is the only 
factor in the production of decompression 
sickness. The experience with denitrogena 
tion to prevent decompression sickness in 
this The 


scheme would be to keep the nitrogen con 


aviation also supports view. 
tent of the mixture no higher than neces 
to oxygen toxicity. The 
end-result be like this: 
Suppose a diver were swimming at 70 ft., 


sary prevent 


would somewhat 
breathing a mixture containing 60° Ox) 
gen and 40¢- nitrogen. The partial pres 
sure of oxygen would be 1.88 at. abs.; so 
he should be safe from oxygen poisoning. 


406 


instead of 806, he should be able to stay 


Since the nitrogen content 1s now 
at 70 ft. 86 minutes instead. of 43 minutes 
and come directly to the surface, without 
any decompression, and be safe from: de 
compression sickness. 

This sounds like a good scheme, but, 
like many other things in medicine, it is 
not so simple and uncomplicated as one 
might think. When this was tried, the men 
to 
This required further investiga 


developed symptoms similar oxygen 
toxicity. 
tion. These studies revealed that when the 
divers breathed oxygen-enriched air mix 
tures they retained carbon dioxide, some 
to a greater extent than others.’ This was 
‘shown by a rise in the alveolar pCO, and 
the arterial pCOs. For some reason, as vet 
unexplained, this phenomenon of carbon 


dioxide retention does not occur when 
helium-oxygen mixtures are breathed. 

The solution to our problem might again 
appear simple. Use helium-oxygen mix 
tures instead of air-oxygen mixtures. The 
present helium-oxygen decompression pro- 
cedures cannot be easily employed with 
scuba equipment. Helium, less soluble than 


nitrogen in the body tissues, has a different 
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partition coefficient and diffuses more rap 
idly This the 


decompression considerably. 


than nitrogen. changes 
picture 
perience with air decompression cannot be 
In 
order to facilitate the development of a 


directly extrapolated to helium-oxygen. 


“decompression meter” which the swimmer 


would carry with him, it is also highly 
desirable that any new helium-oxygen de 
compression procedures be devised qn oat 
ditferent) mathematical basis. 

All of these matters are under investig: 
tion by the medical staff at the Experimen 
tal Unit. 
problems in order to give you an idea of 


the kind of 


Diving have related these 


work we do. 

With the great increase in the popularity 
of sport diving, the practitioner can expect 
to see in his office conditions and injuries 
at 
The commonest con 


resulting from exposure to increased 
mospheric pressures. 
ditions are those resulting from barotrauma 

The inability to equalize pressure during 
descent can result in considerable damage 
In the ear, evi 


to the ears and sinuses. 


dence of failure to equalize may range 
from little more than hyperemia of the 
tympanic membrane to gross hemorrhage 
and rupture. In most of these cases healing 
is uneventful even after rupture; the less 
treatment given the better. A sterile cotton 
plug is inserted in the canal; nonoily nose 
drops are prescribed to relieve congestion 
and promote drainage from the Eustachian 
tube, and the patient is advised to stay out 
of the water until the lesion is healed. At 
the Submarine Base, New London. Conn.. 
two methods have been employed to prevent 
aerottis. Among persons who have exces 
sive growths of lymphoid tissue around the 
opening of the Eustachian tube, the diag 
nosis being made with a nasopharyngo 
scope, aerotitis can usually be prevented 
by irradiating the nasopharynx with radi 
um. Antihistamines have also been tried 
on persons with a history of allergy. This 


Is not as convenient as the radium applica 


tion, and the results, while good, were not 


as spectacular. 
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be considered. The area of the body which 


results of a “squeeze” should also 


has been “squeezed” is in much the same 
condition as if a suction cup has been ap 
pled, 


Air-containing structures 


attached 
to the surface of the body are potential 


local When goggles 


sources ot g gel 
have no 


that 


“squeeze.” 


means of equalization are 


worn, eXcessive descent cause con 


junetival and even retrobulbar hemorrhage 
Closed rubber suits) can produce squeeze 


unless air. is during 


admitted into then 


deep descent Here squeeze Is usually notes 
as a pinching sensation in the area of folds 


and ridges, and welts and eechymoses pro 


duced. If such a suit is hooded, external 


ear squeeze can also occur. The mechanism 
and consequences are essentially like thos 
of the more familiar middle-ear condition, 
and damage to the tvmpanic membrane ma 
be equally 


severe, even though the force 


here is in the opposite direction, Ear plugs 
are contraindicated in diving, not only be 
cause they invite external ear squeeze but 
also because the unequalized pressure may 
force them deep into the canals. 


Air 


and pneumothorax usually occur when the 


embolism, mediastinal 


emphysema, 


scuba diver “ditches” his equipment at 


depth and fails to exhale sufficiently while 
he swims to the surface. The relative in- 


crease of the air pressure in the lungs over 


ambient literally causes them to burst. Re 


cently we have seen two cases of air em 
bolism, one fatal, where it was possible to 
attribute the blockage to existing pulmo 
nary pathology. In one a congenital lung 
cyst was found by. x-ray and in the other 
a broncholith was discovered at autopsy. 


Air The 


patient is always unconscious, and prompt 


embolism is a grave condition. 


recompression is a necessity, 


Decompression sickness, or the bends, 


most commonly manifests itself by localized 
pain. It is usually the only symptom and 


occurs in 70° of cases. The site of the 


pain is usually in or around the elbow or 


knee joint. The next two most frequent 
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types of symptoms those relating to 
the skin and to the central nervous system, 
Skin Phe 


muscular 


symptoms are 
CNS 


numbness, 


rash and itching 


commonest svinptoms are 


weakness, 
While 


hokes.”’ 


vertigo, and aphasia 


rare, a quite serious condition is 


formation in 


massive bubbl the 


lungs. It is fatal if not treated 


SOOT] 


promptly 


The onset of symptoms usually 


occurs within six hours after the dive. This 


Was true in 85 of 200 cases lf 


than 24 
after the dive. it is quite unlikely that they 


ue lo decompre ssion. sickness 


a diver 


develops svinptoms more hours 


The treatment of decompression. sickness 


recompression. 


Navy 


limitation ot 


course, The general 


Iples of the 


] treatment are as 


the 


follows: (a) maximum 


pressure to 73 lb. and maintenance of this 


pressure tor at least 30 minutes or as long 


as 2 hours; (pb) prolonged recompression 
for periods of 12-24 hours:at 
l and 2 at , c) the 


tt pressure 


pressures of 
inhalation of oxvgen 


levels equivalent to 2 at. (60 
ft.) or less to promote the rapid elimina 
tion of nitrogen. The treatment can be as 
short as 2'4 hours or as long as 36 hours 
One word of caution: There is no relation 
between the depth of the dive and the depth 
the relieved. \ 
get symptoms after diving at 
60 ft., and it 


at which symptoms are 


diver may 
may be necessary to recom 
press him to 165 ft. 


\sept ic 


obser ved 


to get rehef, 


bone necrosis has not vet been 
in divers. Two studies of Navy 
divers have failed to disclose any bone 
pathology.?* In one of these studies * some 


of the divers had experienced symptoms on 
one or more occasions which could be al 
tributed to a bubble in the medullary cavity 


‘Caisson disease of 


the bones,” as it is 
known in the compensation courts of New 
York, has been repeatedly reported among 
tunnel workers. The cost of compensating 
these injuries is so great. that insurance 
costs are now a major item in the construe 
tion of shield-driven tunnels, This condi 
tion is diagnosed by x ray. Poppel and 


Robertson # have established a 


series of 
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rather precise criteria for establishing this 
diagnosis. They state that the diagnosis is 
based on the following criteria : 
1. The multiplicity and sites of predilection of 
the lesions 
Their appearance in a certain order and fre- 
quency 
The extensiveness of the lesions 
The map-like appearance of the lesions 
The presence of a subchrondral “snowcap” 
The symmetrical bilaterality of the lesions 
The 


quence in which they appear are as follows: 


sites of predilection and the se- 


Lower femoral diaphysis 


Upper tibial diaphy SIS 


l 


Humeral head and neck 


4. Femoral 


head and neck 

The x-ray diagnosis is predicated mainly 
on the appearance of the diaphysial lesions. 
In the early stage they appear as localized 
rarefied areas in the cancelli. Later new 
bone is laid down with irregular architec- 
ture and greater density. The area is often 
circumscribed as a result of a 


well zone 


of calcification and/or ossification on its 


periphery presenting a geographic built-in 
appearance wholly within the medullary 
cavity. The cortex and periosteum are un- 
found 


involved. The articular lesions are 


in the ends of certain long bones. These 
show subchondral aseptic necrosis with de 
vitalization of the articular cartilages, 


The 


bone beneath the articular surface is rare- 


which become irregular and rough. 


fied in places with spotty zones of in- 
Often the 
sometimes the neck involvement 


creased density. head and 
results in 
widening, fragmentation collapse and nar- 
rowing, or even obliteration of the joint 
space. Eventually, healing takes place by 
which, if 
marked, appears as a “snowcap” atop the 


an osteocondensing process, 


articular surface. This is best seen in the 
femoral head. 

One might question that it has been 
established beyond a doubt that the lesions 
described are due solely to exposure to 
the 


There are enough 


compressed air. lor moment let us 
assume that they are. 
differences between Navy divers and tunnel 
workers to explain why the condition is 
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not found in the former group. First, 
there is rigid medical supervision of diving 
activity in the Navy. Second, the divers 
are young men. They are not permitted to 
start diving after age 30 and must stop at 
age 40. Third, in diving men are exposed 
to high pressures over short) periods of 
time, and the sand hogs are exposed to 
comparatively low air pressures over long 
periods of time. A diver rarely spends 
more than one to two hours on the bottom, 
while the sand hog works two shifts a day 
and shift 


each may be as long as four 


hours. During these long exposures, the 
slowly saturating parts of the body, which 
include the bone marrow, take up a large 
quantity of nitrogen. 


reduce the 


It Is Impossible to 


tension of 


gas these 


tissues to what we would consider safe 
values by any feasible amount of decom 
pression. Therefore, in the tunnel workers 
Wwe have a situation in which the shifts 
have been too long and the decompression 
has been inadequate. For reasons which 
are obvious to anyone experienced in labor 
relations the 


medical supervision of the 


sand hogs has left much to be desired. 
Among the commercial and sport. scuba 
divers we have a situation which closely 


paraliels that of the lack of 


sand hog 
medical supervision, no age limitation. re 
peated and long exposures to comparativels 
low pressures, and a good probability of 
inadequate decompression. If aseptic bone 
necrosis is due solely to exposure to com 
pressed air, one would mark the amateur 
skin diver as a good candidate for it, par 
ticularly the ones who are careless and 


prone to try for new records. 
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Toxicological Studies on Bis(Tri-n-Butyltin) Oxide 


JOHN R. ELSEA, Ph.D., and ORVILLE E. PAYNTER, Ph.D., Falls Church, Va. 


irless 


which is finding widespread use in the paper 


oxide is a 


to slightly vellow liquid -(sp. gr. 
industry for control of slime in water sys 
tems, and the general control of bacteria 
and fungi in allied industriah applieations 
such as wood preservation. The structural 
formula for bis(tri-a-butyltin) oxide is as 
follows: 

| C,He 
C.He 


GH. 


The objective of the studies reported in this 


Sn-O-Sn 


article was to accumulate sufficient animal 
toxicity data to form the basis for a pre 
liminary evaluation of the safety of bis(tri 
n-butyltin) oxide under use conditions and 
to recommend precautions which should be 


observed in handling this material. 


Experimental Studies 

Oral 
butyltin) oxide was administered orally by 
10.067 


aqueous suspension or corn oil solution at 


Administration.— DBis(tri-n 


stomach tube as a volume /volume 
graduated dosage levels to groups of fasted 
male albino rats ( Holtzman strain, average 
125 The 


groups metal 


W eight approximately 


gim.). 
animals were housed by 
cages elevated above the droppings, with 
food and water available at all times. Gross 
autopsies were performed upon the animals 
that died. The surviving animals were ob 
sérved for seven days, after which they 


killed by 


gross autopsies were performed. 


were cerebral céncussion, and 
The mortality results following oral ad 
ministration of bis(tri-a-butyltin) oxide in 


aqueous and oil media are presented in the 


Received for publication Nov. 27, 1957. 
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Solution in 
Corn OU 


L. D ng/kg 
95% fiducial limits 


* Values are number of anin 


sdead number of animals tested 
during an observation period o vs 


Table. Statistical analysis of the mortalits 
data was by the probit analysts method of 
On the the caleulated 


values, it may be concluded that the 


l'inney.! basis of 
acute oral toxicity. for rats of bis(tri-w 


butyltin) oxide is comparable when ad 
ministered in aqueous and in-eil media. 
No essential 


the 


ditference was observed 1 


gross signs of 


systemic toxicity ex 
hibited by the two groups of test 


In general the animals showed preening. 


animals 


depression, squinting eves, labored) respira 
tion, diarrhea, and ataxia for four or five 
days following dosage, but some animals at 
the higher dosage levels showed generalized 
signs of debilitation throughout the observa 
tion period. The majority of the deaths 


occurred between the and fourth 
days following dosage and were preceded 
by a bloody nasal discharge, bloating, and 


depressed 


second 


reflexes. Gross autopsies per 
formed upon the animals that died showed 
hyperemic lungs, irritation of the gastroin 
testinal tract and peritoneum, and congested 
kidneys and adrenals. The majority of the 
surviving animals showed at gross autopsy 
mottled and granular livers, and a thicken 
ing of the wall of the cardiac portion of the 
stomach, 


for Male Albino Rats * 
Dose Mortality 
Me kg 
10.0% W.0% 
Suspension 
or 
“7? 
17 
172 i? 
195 
251 6/2 3/7 
SHY 
lis 
.me/kg 5-227 113-105 


FONICOLOGY OF BIS(TRI-N-BI 


Thirty Day male 


Fee d 


Charles River albino rats were chosen 


Young 
at 
random and housed individually in) wire 
mesh Cages suspended above the droppings. 
The following groups, each composed of 10 
animals, were initiated : control, 32 parts per 
million, 100 

parts million «0, 
and 0.032, 


parts and 320 
0.01, 


respectively) bis(tri-w-butvltin) 


per million, 


per 


oxide, The control animals received a basi 


commercial Purina laboratory diet, and the 


experimental animals received the basic diet 


to which oxide was 
ADOVEG 


ded WE ivht basis lo provide the } 


dietary he vels. Water and the appropriate 


chet were available at all lines, 


Individual body weights food 
sumption were recorded, and observations 


of the 


con 


behavior of 


veekly 


appearance and each 
tl 


animal were made at mtervals. 


Giross autopsies were the 


\fter 30 days of tary 


performed on 
amimals that died. 
feeding, each surviving animal was killed 
by exsanguination, and gross autopsies were 


performed, 


A mild incidence of respiratory infection 


Was scattered the 
the 


the 


throughout 


control and 


test. groups; however, incidence ap 
peared to be greater in 320) 


group. \ll exhibited 


growth suppression during the course of 


parts }« r 


million 


test) animals 


the study. The growth suppression was 
marked the 100 parts per million 
group, and actual weight loss was noted 


among the animals receiving 320 parts per 
million bis(tri-a-butyltin) oxide. 


day basis for the 32 parts per million and 


consumption on average /rat 
100) parts per million groups was compa 
rable to that of the control group through 
out the the 


million consumed 


study, but 320) parts per 


group 
the 


group for the 


approximately 
the 
full 30 day period, 


one-half daily ration of control 


There was 1006 survival in the control. 
32, and 100 
the 


parts per million groups for 


entire experimental period. Four 


animals survived the feeding of 320 parts 
per million 


bis(tri-w butyltin ) oxide. 


/ lsea 


Paynter 


PY LTIN) OXID 


Prior 


to death the 
exhibited 


animals that succumbed 


weight) loss, bloody discharge 


around the eves and Nose, rapid ind labored 
respiration, bloating, and general signs of 


debilitation except for 


an almost comple te 


lack of fat stores in the be dv. no character 


tstic gross pathology these 


Was noted in 


animals at 


autopsies of the surviving animals 


aled no gross pathology which could be 


attributed to the dis tary ingestion of bis(tri 


n-butvltin) oxide has been re 


since tt 


ported = that) triethyl tin compounds are 


central 


eapable of producing edema of. the 


nervous svstem, 


speci taken to 


look for the brain: 


any gross changes in 
were found. 


leute Dermal -1f 


uated the 


hone 
blicatio Single grad 
Mmgie 


doses of undiluted tri-v 


butvltin) oxide were applied under a binder 


of rubber dental dan ming, and ad 
hesive to the closely chipped abdominal 


rabbits 


YauZze, 


skin of albino rabbits were 


used at cach dosage level. After an ex 
posure period of 24 hours, 


remo ed 


with warm lap Water to remove as much of 


the binders were 


and the abdomens were sponged 


the unabsorbed material as possible Since 
all of the test material could not be removed 
by this nethod, metal collars were placed 


around the animals’ necks in order to pre 


licking of 


vent the treated skin area. Ciross 


autopsies Were performed upon the animals 
that died. 


served for gross signs of dermal irritation 


The surviving animals were ob 


and systemic toxicity for a period of seven 
days, after which they were killed by air 
embolism, and gross autopsies were per 
formed. Throughout the study the animals 
were housed individually metal cages 
with Purina rabbit pellets and water avail- 


able at all times. 


\t dosage levels of 1.17, 2.51, 5.42. and 
11.7 gm/kg., mortality was 1/4, 1/4, 0/4, 


and 2/4, respectively. Although the data 
are not suitable for statistical analysis, it is 
probable that the acute dermal L.. Dico of 
bis(tri-v-butyltin) oxide for albino rabbits 


is in the range of 11.7 gm/kg. 
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A 


Gruss signs of systemic toxicity were ob 
served among some animals at each dosage 
level tested. The majority of the surviving 
animals exhibited a substantial loss in body 
weight during the observation period of 
seven days. Additional gross signs of toxic 
ity included depression, labored respiration, 
weakness of the hind limbs, diarrhea, and 
unsteadiness for four to seven days follow 
ing exposure. The majority of the deaths 
occurred on the fourth day following 
dermal application and were immediately 
preceded by depressed reflexes, prostration, 
gasping, phonation, and mild clonic convul 


ST ms, 


A single application of bis( tri-a-butyltin ) 


oxide produced a moderate degree ot 


dermal irritation which was characterized by 
ervthema, edema, atonia, blanched areas, 

cept for erythema, the observed signs of ir 


and areas of brownish discoloration. 


ritation persisted throughout the observation 
period, 
"Gross autopsies the 

that died 


mgested 


performed — upon 


animals showed subcutaneous 


edema, lungs, and 
of 


testinal tract and peritoneum. Gross autop 


kidneys, 


adrenals, irritation the gastroin 
sies performed upon the surviving animals 


showed — subcutaneous 


edema, hyperemic 
lungs, excess quantities of clear fluid) in 
the peritoneal cavity, irritation of the small 
intestine, and congested kidneys. 


Repeated Dermal 
of 


Two 


Application 


groups four albino rabbits each were 


used to evaluate the irritative potential of 


a control newsprint-type paper and 
treated paper of comparable grade which 
contained 8.0 bis(tri-n 


parts million 


A 


measuring 


per 


butyltin ) oxide. control 
3X18 
W rapped securely around the closely clipped 
trunk of 


gauze and adhesive tape binder was applied. 


strip of or 


treated paper in, Was 


each animal, after which a 


area 


The animals received a total of five con 


secutive daily applications of the control and 


the treated paper. After each daily expo 


sure period (approximately 20 hours) the 
paper and binders were removed, and_ the 
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A. ARCHIVES OF INDUSTRIAL HEALTH 
skin was examined for gross signs of irrita 
tion before reapplication of the test) ma 
terials. The animals were observed daily 
for tive days following the final application, 
after which they were weighed and killed. 
Throughout the period of applications 
and the subsequent observation period, each 
of the animals exposed to the control paper, 
and three of the four animals exposed to 
the test paper showed no gross evidence of 
dermal irritation. 
the 


One animal exposed te 
mild) dermal 
of slight erythema and 
the 


treated paper showed a 


Irritation consisting 
first 


edema — following 


application 
following the 


and third applications, after which the skin 


and slight’ erythema second 


appeared normal. Since the observed irrits 
tion subsided completely prior to completion 
of the dermal] applications, it did not appear 
that this was associated with application 
of the treated paper. Throughout the study 
each animal exhibited normal appearance 
and behavior and gained weight normally. 

Skin An 


made skin 


Sensitization attempt was 


evaluate the 


of 


to sensitizing 


properties bis(tri-v-butyltin) oxide in 
Landsteiner 
of 10 
chal 


using 


guinea pigs, using a modified 


technique.* The conventional series 


sensitizing injections followed by a 


lenge injection carried 
O.1 


butyltin ) 


Was out, a 
bis(tri-vr 


Although 


there appeared to be an increase the 


volume /volume solution of 


oxide in onl. 


sesame 
severity of dermal response with continued 
Injections, 1t was not possible to determine 
conclusively whether or not sensitization 
had occurred, owing to the primary irritat 
ing qualities of the test material Ino order 
to establish definitely bis(tri-w-butyltin 
oxide is a skin sensitizer, it would be neces 
concentrations of Jess than 


sary test 


0.1%. 


to 


Comment 


Acute and subacute toxicity studies in 
rats, rabbits, and guinea pigs indicate that 
bis(tri-v-butyltin) oxide is a moderately 
toxic material. The gross signs of intoxica 


tion produced by this material are compa 
Vol 
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TONICOLOGY OF BIS(TRI-N-BI 


rable to those described by Stoner, Barnes, 


and = Dutt for alkyl tin) compounds in 


general, although bis(tri-v-butyltin) oxide 
appears to be one of the less toxic members 
of the class from the standpoint of mam 
mahan toxicity. 


Interesting enough, ac 


cording to van der Kerk Luijten * 


optional fungicidal activity occurs with the 
tributvltin compounds, 

The proposed methods of such 
that should 


serious hazard except mc 


Use are 


oral mgestion not present a 
accidental 
swallowing. Obviously precautions should 
be taken te prevent contamination of food 
stulls, 
The dert 


oxide indicate that care should be exercised 


studies on bist tri-w-butvltin 


in handling the product. The experimental 


data show that this material is a primary 


absorbed 


furthermore the material 


skin irritant and that it can be 


through the skin: 
mav be capable of inducing sensitization. 
Normal industrial hygiene procedures in 
volving avoidance of exposure, and, the 
event of exposure, the 


Washing of con 


taminated skin areas with soap and water 


and the removal and laundering of con 
taminated clothing should be practiced. In 
the event of eve exposure, the eves should 
be immediately flushed with liberal quanti 
and 


water, a physician should be 


consulted as soon as possible 


Summary 
ora Bisa 


butvltin ) oxide for male albino rats is 


bis(tri-w 
194 


mg/kg. and 148 mg/kg. when administered 


acute 


in aqueous and oil media, respectively, 

Bis(tri-v-butyltin) oxide was fed in the 
diet to groups of male albino rats at levels 
of 32. 100. 


(0.00326, 


and 320 million 


0.01. 


parts per 


and 0.03267, respec 


tively ) for a period of 30 days. \ll test 
animals exhibited growth suppression dur 
ing the experimental period, the suppression 


increasing in severity with increased feed 


E-lsea—Paynter 


TYLTIN) OXID!] 


ing levels 


100 


lfood consumption for the 32 


and parts per million groups was 


comparable to that of the control grou} 


throughout the consumption 


the 320 


for parts per million group was 
reduced. All animals in the 32 and 


greatly 


QO parts per million) groups survived 


tour 


amimals the 32 
vived. 

dermal D.se of 
oxide for albino rabbits is im. the 
11.7 gm/kg 
undiluted 


tg degree of dermal 


parts per million 
group 


The 


butvltin ) 


acute bis( tri-w 


range of \ single application 

aterial produced 

irritation, and 

there were gross signs of systemic toxicity 
skin) absorption. 

Live 
type paper containing 8.0) parts per million, 
bis( tri 
rabbits 


le TI al 


daily applications of a newsprint 


n-butvltin) oxide to the of 


produced evidence ot 


aT 


Irritation or systemic toxicity 


These studies have demonstrated that bis 


(tri-m-butyltin) oxide is moderately 


hazardous material. Precautions should be 


observed to prevent ingestion or dermal 


contact when handling this material 
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Acute Toxicity of Red Fuming Nitric Acid-Hydrofluoric 


Acid Vapor Mixture 


EMIL A. PFITZER, M.S. (Hyg.), Pittsburgh; PAUL P. YEVICH, B.A.; EARLE A. GREENE, and 
KEITH H. JACOBSON, Ph.D., Army Chemical Center, Md. 


Ked fuming nitric acid (REFNA) is an 
Important oxidizer in high-energy propul 
sion. It is highly corrosive, and causes 
severe local damage on cutaneous contact 
rx on inhalation of its vapors. It presents 
because of its 
the 
The 
addition of small amounts of hydrotluorie 
the 


only 


storage pre blems, not 


corrosive nature, but also because of 


pressure increase in storage drums. 
acid decreases 


RENA, 


about possible changes in toxic properties. 


storage 


problems of 
However, this raises questions 
It did not seem likely that the small amounts 
of hydrofluoric acid present would signifi- 
cantly affect the highly corrosive properties 


of RENA_ on 


Vapor toxicity was anticipated. 


skin, but some change in 
Therefore 
a study of the toxicity of the vapor mixture 
in rodents was undertaken. 

The toxicity of RFNA vapors has re 
cently been studied by Gray and his asso- 
ciates '*; they concluded that the primary 
toxic constituent of RENA vapors is nitro 
gen dioxide (NOs) and that the nitric acid 
component played only a minor role. The 
primary toxic action was production of pul- 
monary edema. McAdams and Krop* have 
described two case histories of exposure 
to RINA vapors, and have reviewed the 
toxicity of RENA. 


there were serious acid burns of the body, 


In one of these cases 


corneal damage, and acute pulmonary 
edema. The other case ended fatally as a 


result of bronchiolitis obliterans. The pa- 
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thology and pathogenesis of bronchiolitis ob 
literans have been discussed by MeAdams.* 
Machle 


the effects of 


and his associates have de 


scribed exposure of rabbits 


and guinea pigs to HP. The gas caused eve 


and respiratory irritation. In addition to 


damage to the respiratory tract, liver and 


kidney damage and reduced erythrocyte 


count were seen, Stokinger® has also re 


ported on the results of exposures of ex 


perimental animals to HI gas. 


g exposures 
to 25 mg. per cubic meter 430 ppm) for 20 


days caused deaths of rats and mice, but not 


of dogs, rabbits, and guinea s. Clinical 


pig 
h 


included subcutaneous emorrhage 


the dog 


signs 
around the eves and feet, and, in 
inflammation of the scrotal epithelium, Post 
mortem, there was evidence of pulmonary 
damage in all species; in the dog, degenera 
tive testicular changes; and in rats surviving 
The 


fluoride content of rats’ teeth and of dogs’ 


more than two weeks, renal damage 


jawbones was increased several fold. Ex 
posures to 7 mg. per cubic meter (& ppm 
for 30 days did not cause any deaths, and 
clinical signs were confined to subcutaneous 
hemorrhages in rats’ feet. Again, there 
were several-fold increases in fluoride depo 


sition in rats and dogs. 


Methods 


The RFNA-HF mixture was obtained in a 212 


gal. aluminum drum. The proposed specifications 


called for the following composition by weight 
Nitrogen dioxide 
Water 
Nitric 


Hydrofluoric acid 


acid 
0.5%+0.2%, —0.1% 
O.1% 
0.1% 


Nonvolatile impurities maximum 


Total other impurities maximum 


TOXICITY OF RED FUMING NITRI 


composition subst 


RENA of 
the above, but without 
tor comparison with tl 


was also used in 


Wats reported to be 
RENA-HEF_ mixture 


as below speciticatic 


9S O07 


(0.02% to 
is low HE 


specie: 


0.2% ) 


conter 


wit! 


derived 


t x posed 


hown in 


} 


disperstor 


In ¢ xperimn 


modited 
hamime diltyvdroch! 


nt with 
titration with thoriun 
y of the odor detectabil 
(0.1) the same 12 


dilutions of 


ISTHOSCOPHE Mcreasing 
oor other sensation wa 
ctable concentrations 


suggested by Bliss 


Results 
Single four-hour exposures of rats and 
vapors from RENA, RENA-HE 
and RENA-HEF (0.5), resulted) in 


eve and nasal irritation and labored breath 


mice to 


ing. Gasping was occasionally observed just 
before death, especially at the lower con- 
centrations. Most deaths occurred by the 
end of the first day after exposure. The 


Pfitzer et al 


IND HYDROFLUORIC ACI 


APORS 
LLCO values for male rats were 119 ppm 
of NOs for RENA, 113 ppm of NOs for 
RIENA-HE (0.1), 112 NOs 
for RENA-HI Phe 956¢ confidence 
limits were 110 to 128 ppm for RENA, 
105 to 122 for RENA-HF (0.1), and 104 
to 121 for RENA-HE (0.5); the slopes of 


three 


and ppm of 


curves were 13.3, with standard 


of 1.7. From data on exposures of 


lice to two or three concentrations of each 


Vapor mixture, approximate [C50 values 


of about 170 ppm of 


No LC50 values for female rats 


estimated 
for each. 
were data 


estimated, but the that 


they were slightly less sensitive to each vapor 


suggest 


muxture than were male rats. Chamber con 


centrations of Hil varied from 435 ppm at 
RENA-HI 
less with lower 
centrations of RIN A-HI 
HF (0.1) 
mortality data vs. chamber concentrations of | 


NOs 


between 


the higher concentrations of 


(0.5) to 10 ppm or con 
(0.5) and RENA 


Statistical evaluation of animal 


tlone showed no significant variation 
RIENA and RENA-HF (0.1) or 
RIENA-HI 


(0.5). 


Che significant pathological changes were 
associated with the respiratory tract. Pul 
monary edema was a prominent feature: the 
lungs of animals dying during the four-hour 
exposure period were voluminous and filled 
with fluid. Microscopic examination of the 
lungs showed the alveolar, perivascular, and 
peribronchial spaces to be filled with a pink 
exudate. 


staining Macroscopic and micro 


scopic examination of the spleen, liver, 
kidney, and trachea showed specific 


lesions due to the exposure. 

volunteers who. sniffed concen 
trations of NOs or of RENA-HF (0.1) at 
22.5 ppm or less had dif 


ficulty describing the odor. The “odor” was 


Twe l\ 
concentrations of 


usually described as a nonirritating sensa 
tion, and there were some references to a 
sweet, or chlorine-like, odor. The median 


detectable coneentrations were as follows: 


for NOs, 8 ppm, with 93¢¢ confidence limits 


of 7 to 9 ppm, with a slope of 5.1, and with 
a standard error of the slope 0.9; for 


RIE NA-HEF (0.1), 8 ppm, with 95¢¢ confi 


219 


\ sal ple of antially 
the same as lrotluort 
acid, was use e Hk-cor 
taming acid. NO, ii comparative 
odor detection determinations: was obtained 
from the Matheson Company, Inc., East Ruthes | 
ford, N. and pure 
and omeets He, 
studies were carried out sash this mixture; it is 
designated as RFENA-HF (O01) the ensuing 
. liscussion. In order to study the toxicity of 1 pors 
RENA-HE containing. 0.5% lvdrotluori 
acid, which is designated as RFNA-HF (0.5), ad ag 
ditional hydrofluoric acid was added to the REN. 
Maile nd female rats and female 1 ce, tro the 
Chemical Wartare Laboratories colonies, were 
used. Rats of this colony are derived Wistar 
strain, and mice are HR Carworth CFI strain 
The animals were HD in 0.4 cu. m. dynamic 
gassing chambers si Reference 4. Acid was ; 
lropped at a constant rate from a Mariotte bulb 
onto glass wool surface, across which air swept, i 
earrying vapors from the acid into the gassing i 
chamber Chis apparatus is described 
in Reference 2. with NO., the gas 
was metered trom a evlinder of NO LC50 eal 
ulations were made by the Bliss-Finney method.” BS 
wd were based on deaths occurring within sever = 
lavs after exposure 
NQs in the chamber was analvzed by the 1 ethod a 
of Patty and Pet using N-(] x 
eoupling a HF -was 
detert ined nitrite 
In a stu tv of NO» and 
RENA-HI human subjects 
sniffed vari vapors through a 
Fair-Wells « concentra 
The median were esti 
mated by a meth modified 
by Finney.” : 


A 


dence limits of 6 to 11 ppm, with a slope 


of 3:2. the 


and with a standard error of 


sk ype 0.8. 
Comments 


Chamber concentrations have been defined 
NOs. However, NO» 
exists in equilibrium with its dimer, NeOy. 


in terms of ppm of 


This equilibrium varies with temperature, 
and at temperature the ratio of 
NOs to NoO, is about 30 to 70. 


both gases apparently 


body 
Since 
react similarly, we 
have referred to them both as the dioxide, 
and made our computations accordingly. We 
are also aware that hydrotluoric acid occurs 
as a polymer of HI’. Again, we have treated 
this formula as HI? to avoid the complex 
problems .involved. 

Since there Were no significant differences, 
either statistical or biological, mortality 
or im toxicopathologic etfects between the 
vapor mixtures, which ditfered only in HE 
content, we infer that the HI? present does 
not appreciably alter the acute inhalation 
toxicity of 

Pneumonia and bronchiolitis obliterans, 
which have been observed in humans sur 
Viving exposures to large amounts of the 
fumes of RF NA,*® were not seen in animals 
surviving these exposures. However, killing 


did 


to 10 days after exposure. 


of survivors later than 7 
McAdams ® 


a man who survived 
an acute exposure to RI-NA fumes, only to 


not occur 


described the case of 


die 26 days later from pulmonary disease. 

It appears that the odor response of men 
should serve, in the absence of odor fatigue, 
to warn against the presence of acutely dan- 
gerous While the 
subjects could not adequately describe the 


concentrations. human 
odor, several of us, who participated as sub- 
jects, felt the odor to be the same as that 
frequently detected in. the laboratory where 
NOs or The 


odor is characteristic, despite our difficulty 


RIENA are being handled. 


in describing it. A high, positive, nonlinear 
correlation between the noted concentration 
and the response of the subjects was found. 
If the correlation were linear, we would cite 
this as evidence that the response to RF NA- 
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Hl (0.1) was due to the presence of NO», 
a rather obvious conclusion from the data 
cited. We think that the correlation might 
have approached linearity if the Osmoscope 
actually functioned as described. This in 
strument presumably makes standard dilu 
the chamber 


tions of concentration ina 


geometric series of two. In practice, the 


the osmoscope 


at the end of ] 


concentrations 


often varv from theoretical, 


Conclusions 


The addition of up to 0.56 hydrotluorie 


acid to red fuming nitric acid does not 
significantly alter the acute toxicity of the 
vapors. The production of pulmonary edema 
is the main danger from inhaling the vapors. 
Health and safety measures that are ade 
quate for prevention of the toxic etfects of 
red fuming nitric acid vapors should suttice 
for prevention of toxic effects of vapors 
from the nitric acid containing up to 0.36 
hydrofluoric acid. 

Vapors from the acid mixture contaiming 
about 0.1 hvdrotluoric acid have an odor 
similar to NOs, and have the same median 
level of detection (8 ppm). The odor should 
Serve.-as adequate warning to most men of 
the presence of acutely dangerous concen 


trations. 


Mr. G. S. Woodson made the statistical evalu 


tions Of Our data 


U. S. Army Chemical Warfare Lab 
Army Chemical Maryland 


Center, 
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Current Trends in Atherosclerosis Research 


JOSEPH H. BRAGDON, M.D., Bethesda, Md. 


| intend to confine my remarks today to 
the disease process known as atherosclero 
sis. Some of you may wonder why | have 
the 
Arterio- 
includes 


chosen this word rather than more 


familar term “arteriosclerosis.” 


sclerosis is a generic term. It 


several distinet and very ditferent disease 


processes. Commonest is the loss of elas 


ticity of arteries, a phenomenon which 


accompanies aging and which frequently 
is observed as dilatation and tortuosity of 
the temporal arteries. Monckeberg’s scle 
rosis is characterized by calcification of the 
media of larger arteries. It is commonly 
seen in the femorals on x-ray examination. 
It rarely, if ever, leads to complications. 
Arterioloscerosis is a narrowing of the 
small arterioles by muscle hypertrophy and 
fibrosis. It is associated with hypertension 


of long standing. Atherosclerosis is char 
the 


tissue in the 


acterized by deposition of fat and 
the 


coronary, cerebral, and other large arteries, 


fibrous intima of 


aorta, 
f need not apologize for limiting my re 
marks to atherosclerosis, for it is now the 
leading cause of death in the United States. 
As you well know, practically all coronary 
heart disease is the result of atherosclerosis. 

Up until the past decade it was generally 
considered that this disease was a “degen- 
eration” of old age and as inevitable as age 
itself. Under such a climate of opinion, 


research was at a minimum. Today the 
situation is quite different. Atherosclerosis 
is considered by many to be a metabolic 


disease, and the attack on the problem from 
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What ob 


servations have encouraged this change in 


this point of view is yigorous. 


attitude?) One has been the increased inci 
dence of coronary disease in younger men 
men in their 40’s, 30's. and even 20's. An 
other has been the realization that in some 
is mini 


parts of the world atherosclerosis 


mal and coronary heart disease scarcely 
Well docu 
mented evidence to the truth of this state 
the 
populations of China, Korea, South Africa, 
1-3 


exists as clinical problem. 


ment is now available for native 


and other places. Another suggestive ob 
servation is that, so far as is known, man 
is the only mammalian species which 
significant degrees of atherosclerosis appear 
spontaneously, 

Now. it that 


cholesterol plays some part in the patho 


has long been suspected 


genesis of atherosclerosis. Cholesterol ac 


cumulates in the lesions. Atherosclerosis 
can be produced in the rabbit by the simple 
Man has 


serum cholesterol levels higher than those 


expedient ot feeding cholesterol. 


of any other mammalian species. Athero 


sclerosis is) severer certain) conditions 


associated with high levels of serum 


Choles 


terol, which was once considered metaboli- 


cholesterol, such as xanthomatosis. 


cally inert, is now known to be an active 


metabolite. It is apparently synthesized by 
all tissues from the simple substrate acetate. 
Plasma cholesterol is synthesized predomi- 
nantly in the liver. It has been estimated 
that the human body may synthesize as 
much as 2000 mg. daily. The nucleus of 
the cholesterol molecule is not metabolized 
but is excreted primarily as bile acids. 

that the cholesterol 


which is such a prominent feature of the 


Virchow 


suggested 


atherosclerotic lesion got there by transu 


dation from the blood plasma, and this is 
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belief 


to be sure, it has recently been 


the generally accepted today, al 
though, 
demonstrated that the aorta itself is capable 
of synthesizing cholesterol. 

We know today that the lipids of the 
blood, of 
exist there as separate entities. The lipids 
All 
the lipids of the plasma exist in combina 
The of 
precipitating plasma proteins also precipi 
tate all the lipids. 


Which cholesterol is one, do not 


by detimition are insoluble water. 


tion with protein. usual methods 


There is a spectrum of 
lipoprotem classes varying from those that 
are predominantly triglyceride to those that 
are predominantly protein. The plasma lipo 
protems can be separated into certain broad 
classes by electrophoresis and by differen 
the 


tial precipitation in cold) ethanol But 


only method by which the plasma lipopro 


teins may be completely freed from other 
protems by 


the 


high-speed centrifugation, 


Because general have low 


lipids 


specie) gravities, the lipoprotems can be 
made to float while the other proteins sink. 
By controlling the density of the medium 
one from another. The different fractions 
we Can separate different lipoprotein classes 


The 


several 


have different chemical compositions 
Table shows the composition of 
fractions. The problem of nomenclature 1s 


somewhat confusing. | shall use the terms 
alpha and beta lipoproteins. Strictly speak 
ing these terms should be confined to elee 
trophoretic entities. They correspond very 
closely, however, with what are centrifu 
gally known as high- and low-density lipo 
proteins, 

Most of the cholesterol in human plasma 


is contained in the beta lipoproteins. These 


Chemical Composition of Fluman 


Lipoprotems * 


Serum 


Phospho 


Protein Cholest. lipids 


Chylomicrons 
Low-density beta lipo- 
proteins Sf>10 
High-density beta lipo 
proteins (sf 0 i0 
Alpha lipoproteins 


* Adapted from Bragdon, J. I 
Human Serum Lipoproteins, 
1956. 


ind Boyle, E 


favel, R. 
t Med. 48:36-42, 


J. Lab. & Clin. 


Braadon 


RCT! 


Dr. 


PIVES Sy values \ 


the ones which Gotman n 


Casures 


and 


Interesting thing about these lipoproteins is 


to which he very 


that in all mammalian species so far stud 


ied, with the single exception of man, the 


Lricle 
negligible 
Man 1s 


unique, for in him the beta lipoproteins 


alpha lipoproteins predominate. 


ist other species carry only 


quantities of beta lipoproteins, 
exceed the alphas. 

This 
a word about. the cholesterol phospholipid 


ratio in plasm 


seems an appropriate time to say 


a, about which much has been 


Written recently. In the beta lipoproteins 


cholesterol exceeds the phospholipid con 


tent, whereas in the alpha lipoproteins the 


reverse is true. In the lower animals. in 


which the alpha lipoproteins predominate, 
the phospholipids greatly exceed the choles 
terol in the total plasma. the 


In average 


American the relative proportions of these 


two lipoprotein classes that the 


cholesterol almost equals the phospholipid 
in the total plasma. 


are such 


In those individuals 


who have greater than average amounts of 


beta 


lipoprote ins, the 


the 
whole plasma will actually exceed the phos 


pholipids. 


cholesterol in 


It is also a faet that among those popu 


lations of the 


world where atherosclerosis 


Is minimal and where coronary heart dis 


ease Is a rarity, the concentration of beta 
poproteins in the plasma is relatively low. 


lt 


lf ather mata 


result from the transuda 


tion of plasma beta lipoproteins into the 


intima, it should be 


lesions 


possible lo produce 
In experimental the 
Intravenous injection of these lipoproteins. 
\nd such proves to be the case. The big 


the 


animals by 


ure shows coronary artery of a= rat 


which had received 28 daily injections of 
beta lipoproteins separated from the serum 
of cholesterol-fed Two 


rabbits. typical 


atheromata the 


are 


Beta 


seen protruding into 


lumen. isolated 


lipoproteins from 


Red blood 


donors have also’ been injected into rats.‘ 


pools of serum from Cross 


stainable lipid may be seen in the intima 


within a few hours. Such does not occur 
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following the injection of alpha lipopro 
teins. 

Most pathologists agree that the initial 
lesion in atherosclerosis is the deposition 
of lipid and the appearance of foam cells 
as we just saw in the rat. The very early 
lesions are presumably reversible. Further 
accumulation, however, results necrosis 
of these cells. The liberated fats undergo 
partial hydrolysis. Indeed, crystals of pure 
cholesterol are demonstrable. These appear 
to act as irritants with the production of 
mild inflammation and considerable fibrosis. 
There are some, however, who believe that 
the initial lesion is the focal accumulation 
Most of 


been unimpressed by these histologic claims, 


of mucopolysaccharides. us have 
and it has recently been shown by reliable 
chemical analyses that the content of muco 
polysaccharides in the aorta remains con- 
stant throughout the life span.” There is 
a small school led by Duguid ® that claims 
that 
the thrombus is incompletely organized be- 


the initial lesion is a mural thrombus: 


cause of the avascularity of the intima, and 


the unorganized portion becomes in) some 


way infiltrated with lipids and eventually 


breaks down, 
It is appropriate to point out that even 


the most ardent advocates of the lipoprotein 
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he 


~ 


Section through the 
ostium Of a coronary at 
tery of a rat which had 
received 28 daily intra 
venous myections of beta 
lipoproteins separated 
from the serum of cho 
lesterol-fed rabbits. This 
is a fat stain. Lipids ap 
pear black. Two lipid 
rich atheromata protrude 
into the lumen of the ar 
tery ( Reprinted fron 
Bragdon, H., and 
Mickelsen, Experi 
mental Atherselerosis in 
the Rat, lm. J. Path. 31 
965-973, 1955 


pathogenesis of atherosclerosis admit. that 
We all 


that coexistent hypertension aggravates the 


other factors are involved, agree 
disease. Then, too, atherosclerosis is a focal 
that 
In both man and the 


disease. So we must conclude local 
factors are involved, 
experimental animal lesions appear where 
the intima is thickest. This commonly oc 
curs at sites of branching. 

In 1950 Dr. Gofman and his group at the 
Donner Laboratory concluded that certain 
classes of beta lipoprotein, specifically the 
Sr 12-20 group, gave a better correlation 
with clinical than 
The Na 


tional Advisory Heart Council became sufti- 


coronary heart disease 


did the serum cholesterol levels. 


ciently interested so that a large scale study 
involving four different laboratories was 
undertaken. The report of this study was 
published as a supplement to the October, 
1956, issue of Circulation. The plan of the 
investigation was to measure the levels of 
the S- 12-20 lipoproteins as well as the 
cholesterol level in the sera of a large num 
ber of presumably healthy men in the age 
group 40-59, to follow them clinically for a 
specified period of time, and then to deter 
mine whether there was a correlation be 
tween these parameters and the occurrence 
of new cardiovascular 


events. most 
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angina pectoris, Atherosclerosis is dis- 


tase process presumably cumulative over 


the life span. Although the cholesterol level 


appears to be fairly stable in most adults, 


In some patients with hypercholesterolemia 
it is notoriously variable. single deter- 
mination in time may thus be a poor retlec- 
tion of the long-term picture. And coronary 
accidents do not the 
extent of atherosclerosis in the body as it 


correlate well) with 


Whole. Despite these handicaps the study 
did show that on the average those men 
that develop coronary artery disease had 
higher levels of serum cholesterol and 


higher levels of Sp 12-20 beta lipoproteins 
The 


Measurements 


question 


as to whether one of these 


Was superior to the other 
from a predictive point of view was con- 
troversial. This is no time to enter inte a 
discussion of the controversy 

The National 
soring another long-term project in’ Fram 


Mass. The 


relatively stable. A large cross section. 1s 


Heart Institute is) spon 


Ingham, population there is 
being followed as regards dietary, smoking, 
and drinking habits, blood pressure, weight 
height measurements, and serum cholesterol 
levels. These are being correlated with the 
cardiovascular dis 


the 


appearance of clinical 


The 


have just been announced. 


ease. results of first. four years 


Three factors 
appear to predispose to COTONATY disease: 
elevated serum cholesterol, obesity, and hy 
pertension, There were approximately 900 
men between the ages of 45 and 62 at 


the 
time of the original examination available 
for reevaluation after four years. Of these 
men 52 had developed evidence of coronary 
artery disease. This is an over all four vear 
The 


dence rate among that 20° of the popula 


incidence rate of S& per 1000. inci 
tion with the highest blood pressures was 
106 per 1000; among that 20 that were 
most obese it was 114 per 1000; and among 
that 207 that had the highest cholesterol 
levels tt was 122 per 1000. When any two 
factors existed the 


of these three same 


RBragdon 
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cases this meant myocardial infaretion or 


individual the incidence rate rose to 143 per 
1000 


In view of these considerations 


held 
rected to lowering the serum beta lipopro 


recent 


efforts in 


the clinical have been di 


teins, and thus the serum cholesterol levels 


It was observed in 1943 by Hahn. that 


the intravenous injection of heparin into 


with 


dogs alimentary lipemia resulted in 


prompt clearing of the lipemia. 


This phe 
nomenon has since been observed in many 
195] 
(aofman's laboratory showed 
that in man the 


species, including man. In 
et 


(sraham 
from 
injection of heparin was 
followed by the the 
of the beta lipoproteins, 


disappearance from 
plasma of many 
not only of the large molecular aggregates 
which seatter light, but also of the smaller 
translucent classes. Heparin is a_ rather 
difficult drug to administer chronically. It 
must be given parenterally and its effects 
on the serum lipoproteins are rather short 


lived, although of somewhat longer dura 


The 


most interesting study so far reported is 


tion than its anticoagulant effects. 


that of Engleberg, Kuhn, and Steinman.* 
They selected patients who had already 
suffered one. or 


more mye wardial in fare 


tions Approximately 


half these patients 
received heparin therapy in the form of 
200 mg. of concentrated aqueous heparin 
The other 
half received placebo therapy. Of 105 pa 


subcutanes twice weekly. 


tients receiving 2067 total months of hepa 


rin therapy there were 4 deaths 
117 patients 
recerving 2183 total months of placebo ther 


there 


due to 


cardiovascular disease. Of 


apy were 2] deaths due to cardio 
vascular disease. The difference is highly 
significant with the probability that it was 
due to chance less than 1 in 100. Ag the 
authors point out, in view of the multiple 
actions of heparin, it is impossible to assess 
the mechanism by which heparin exerted its 
beneficial effect. is only possible that 
the intermittent reduction in beta lipopro- 
teins played a significant part. 


Another well-known fact is that women 


before the menopause are. relatively free 


=a 
| 
\ 


A 
from coronary heart disease. It is perhaps 
not so widely known that, although their 
serum cholesterol levels are only slightly 
lower than those of men in the same age 
group, they carry a smaller proportion of 
it in the form of beta lipoproteins. In other 
words, their alpha lipoproteins are higher 
than those of their male counterparts. 
to 


lipoprotein levels may be shifted to resem- 


By 


the administration of estrogens man, 


ble those of young women. 


ot 


Unfortunately 


the amounts estrogen necessary to 
achieve this produce feminizing effects as 
well. Nonetheless, a long-term survival 
study among 100 male survivors of myo- 
cardial infarction is now in’ progress in 
Iedinburgh.® 

Other drugs have been shown to reduce 
the beta lipoproteins. Sitosterols and cer- 
tain other sterols sometimes are effective in 
rather large oral doses. They presumably 
act by competing in the intestine with cho 
lesterol for the esterifying enzyme, thought 
by some to be essential for the absorption 
of cholesterol. But this approach, as indeed 
that of simply omitting cholesterol from 
the diet, is not likely to be of significant 
value, as it has been shown by Gould 
and others that when cholesterol is absent 
from the diet the liver simply increases its 
rate of synthesis. 

A attack to find 


a drug which inhibited cholesterol synthesis. 


more direct would be 


Such a drug has recently been tried by 


Steinberg and Fredrickson ™ of the Heart 
It 


clinical 


is At-cholestenone.  Prelimi- 


Institute. 


nary trials have not been very 
encouraging, but trials of other analogues 
of cholesterol may prove rewarding. 

| shall bring this paper to a close with 
of the diet 


effects on serum beta lipoproteins. 


a discussion role of and its 


For a 
while we were told to avoid cholesterol in 
the diet. This 
carried to extremes, which meant the avoid- 


sometimes worked when 
ance of all animal fat, for all animal fats 
all ‘fats, 


such as the Kempner rice diet, occasionally 


contain cholesterol. Diets low in 


lower serum lipoproteins, but in a signifi- 


26 


M 
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cant number of cases, even when this diet 
is taken isocalorically, there is a rise in 
serum beta lipoproteins.’ 

It 


many 


now looks as though the answer. to 
been 


found. Within the past year or two reports 


battling questions may have 


from) Kinsell 
New York, 


Kingston, Ontario, and 


have come California, 


in 


Ahrens Beveridge inl 


ronte-Stewart in 
South Africa* that the degree of satura 
tion or unsaturation of the fatty acids in 
the diet determines whether the serum beta 


Land 


animal fats, such as those in meat, butter, 


lipoprotein levels go up or down, 


and eggs are relatively saturated have 
few double bonds in their component fatty 
acids), and when they comprise the bulk 
of the dietary fat, as is true in the United 
States, the beta lipoproteins are elevated. 
Vegetable and marine fats are relatively 
unsaturated, and when they comprise the 
bulk of the dietary fat, as they do among 
the poorest populations of the earth, the 
serum beta lipoproteins go down. It should 
be that 


are used in the American diet. 


pointed out when vegetable fats 


in 


as 


mar 
garine or peanut butter, they are artificially 
hydrogenated in order to harden them. That 
is, the unsaturated fatty acids are saturated 
by hydrogenation. 

The response of the beta lipoproteins ta 
changes in the nature of the dietary fat are 
very rapid, being noticeable within a few 


days and maximal within a week 


14 


or two, 


Beveridge placed 30 medical students on 
a formula diet in which corn oil was the 
sole source of fat and comprised 38 of 
the total calories. This was a high-fat diet. 
Within eight 
had 


mg 
Stewart,’ 


cholesterol 


295 


davs the mean 


fallen from about 


100 


when 


level 


155 


to about 


ml. According Bronte 
the 


normally eats no animal fats, is given beef 


to 


Bantu native, who 


steak, or eggs, or butter, his serum choles 


gg 
terol level and his beta lipoproteins move 
just as rapidly in the opposite direction. 
We have used corn oil as the sole source 
of fat in the diets of a few hypercholes 


terolemic patients with xanthomata and 
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have been disappointed to find no effects, 


These are patients, however, with de- WW Jones, H. B.; Yankley, A.; Simonton, |., and 


1: White, S.: Blood Lipids and Human Atherosclero 
ranged metabolism, and do not) believe 

sis: Il. The Influence of Hep: rin upor 
Metabolism, Circulation 4 :666-673, 1951 
nificance of the findings In persons with ®. Engelberg, H. Kuhn, R.. and Steinman. M 


that this in any way detracts from the sig 


presumably normal cholesterol metabolism. \ Controlled Study of the Effect of Intermittent 


If it is eventually established that athere- Hey 
Pe nary Atherosclerosis, Circulation 13 :489-498, 1956 
sclerosis results from the ingestion of too 


Oliver, M. | and Bovd, Phe Intluenee 
much saturated fatty acid, then the Ameri Lipids 
can people will be faced with a choice of and Laipoy ems im Corot Sclerosis. ( ati 
greatly altering their diets. With the very 13 :82-91, 1956 
. ‘ O Gould hell ) | 
indirect evidence available te us at the 

Warne ) ( 
present, however, one would be foolish 
| ( | ( stk sing 
indeed to recommend this change today bon", Fed. Proc. 10:191. 195] 


National Institutes of Health. 
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Chronic Toxicity Studies 


The toxicity of cadmium from inhalation 


of cadmium oxide or cadmium sulfide 


fumes in certain industries has been well 


established and experimental studies in 
which cats * and dogs® were similarly ex- 
posed have also shown cadmium to be toxic. 
In addition, acute cadmium poisoning has 
been caused by contamination of food in 
contact with utensils plated with this metal.® 
At present the use of food utensils contain- 
ing or plated with cadmium is prohibited.’ 

Toxicity of orally administered cadmium 
chloride has been reported *" in several ani 
mal experiments, and the influence of diet 
on toxicity has been studied.'"' Rats re 
ceiving 50 parts per million. (ppm) cad- 
blood 


hemoglobin and stunted growth when com 


mium in water exhibited reduced 
pared with rats receiving the same amount 
of cadmium in their food.* 

There is currently some interest in using 
cadmium plating in the water works indus- 
try. However, such use is prohibited in 
several cities to prevent the possible con- 
tamination of Certain 


drinking water.'? 


ground water, not used for drinking pur- 
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Cadmium <ldministered in Drinking Water to Rats 


LUCILE E. DECKER, Ph.D.; RICHARD U. BYERRUM, Ph.D.; CLARENCE F. DECKER, Ph.D.; 
CARL A. HOPPERT, Ph.D., and ROBERT F. LANGHAM, Ph.D., East Lansing, Mich. 


poses, has been reported ™ to contain be- 
tween 0.03 and 3.2 ppm of cadmium. 
There are many studies of toxicity of 
cadmium by inhalation or ingestion at high 
levels of intake. On the other hand, there 
are no data available on the effects of long 
term ingestion and retention of cadmium in 
tissues at low-intake levels such as might be 
encountered in water supplies, To investi 
gate this aspect of cadmium toxicity, the 


present study was undertaken. 


Methods and Materials 
Albino 


strain ) 


rats, 34 


were 


days old, (Sprague-Dawles 


housed individual 


raised 
(1) containing 


other 


aVES, 
and divided into a 
10 males and 10 


containing & 


control group 


females, and six groups 
rats of each 


sex. The animals were 


maintained at a temperature between 75 and 79 | 
Food * and water were given ad libitum. Controls 


received distilled drinking water. Other rats were 


given water containing cadmium at the following 
levels: Group Il, 0.1 ppm; Group IIT; 0.5) ppn 
Group IV, 2.5 ppm; Group V, 5.0 ppm; Group V1, 
10.0 ppm, and Group 50.0 ppm cadmiun 


These solutions were prepared by diluting a stock 
solution of cadmium chloride with distilled water 
Weekly records were kept of body weight and food 
and water consumption 

Group VIT was terminated at 


months 


the end of three 
\t the end of six months one male and 
one female 
killed. preserved for pathological 
studies, and samples of liver, kidney, and femur 
saved for 


from each of the other groups were 


Tissues were 
cadmium — analysis 


killed at the 


which died during the experimental period wer 


The remaining 


animals were end of a vear. Rats 


examined for LToss, and in some cases, micre SCOP 


pathological changes. 


was as follows: 


ground yellow corn meal, 
ground whole wheat, 25.0: powdered whole milk, 
22.5; linseed oil meal, 10.0; alfalfa, 6.0: brewer's 
yeast, 3.0; and sodium chloride, 1.0 


: 
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CHRONIC TOXICITY STUDIES—CADMIUM 


Ingested Cad 
Body Wetght 


Taste 1—The Effect of 


Cadmium in Wt 
Drinking Initial We., Gim. 
Water A 

Ppm 


(im., After 
28 Duys * 
Males 


Females Males Femak 


244435 


t + 


gan 

itlons 

h were repeated on 0.1 ppm, 
tarted at a later date, 


rats while 


Blood red and cell tial 


white cell counts, and hemoglobin determinatior 


white counts, differe: 


were done at monthly intervals on four males and 


femal 


four les in each experimental group and on 


five rat f each sex in the control 


group 


\t he conclusion of each experimental period 


rats were killed by myjecting 0.25 ml. of a 3.2% 


solution of pentobarbital sodium into the 


thoract 


cavity. Samples of the following tissues 


preserved: kidney, adrenal gland, liver, 


heart, brain, stomach, duodenum, ileum, 


and cross sections of hone marrow tron 


10% neutral 


All tissues 


sternun 


and femur. Two fixatives were used 
fluid 


hematoxylin and 


isotonic formalin and Carnov’s 


were stained with eosin. Sma 


portions of liver, heart, adrenal, and kidnes 
Sudan IV or 


detection of fat or glycogen, respectively 


stained with Best's cart 


t liver, spleen, and kidnevs were recorded 


Liver, kidney, and bone samples were frozet 


on solid carbon dioxide and kept at 15 C until 
The 


nitric 


cadmium analyses were performed tissues 


were wet-ashed with sulfuric and acids and 


analyzed for cadmium by Saltzman’s micro 


method 
Results 


Growth data and food consumption data 
for rats in the various experimental groups 
are presented in Table 1. In contrast. to 
rats in the control group, animals in Group 
VII were appreciably stunted in) growth. 
Incisor teeth of this 
Within 


weeks after rats were given water contain 


some rats in grou] 


showed typical bleaching.!8 two 
ing 50 ppm cadmium (Group VIL), their 


hemoglobin decreased to & gm. per 100 ml 


ecker et all. 


of blood, and it remained at this level for 


the rest of the three-month period, Micro 
scopic studies showed marked anisocytosis, 
with many nucroeytic, hypochromic red 
blood cells and polychromasia, with 8 to 10 
nucleated red blood cells 100 
blood cells. The average intake of 
rats in Group VIL was 14 ml. per day, 
roughly one-half the water consumption of 


the 


per white 


Water 


controls. There were no_ significant 
differences in body weight between the con 
trols and Groups Il to VI, nor were there 
any significant differences in food consump 
tion between the controls and these groups : 
males consumed about 18 gm. and females 
14 gm. per day. Water consumption aver 
aged 30 ml. per day for beth males and 
females in Groups | through VI. 

\n analysis of variance of the blood dat: 
obtained 


t 


at monthly intervals 


showed no 
significant differences between the experi 
mental The average 
blood hemoglobin for all groups was 15.3 
gm. per 100 ml. of blood. 


and control] groups. 


Phere were no pathological changes in 
rats of Groups | through VI which could 
be associated with cadmium ingestion, 

The cadmium content of kidney, liver, 
and Table 2. The 6 


month values, based on only two rats. do 


femur is given in 


not have the same significance as those for 


the 12-month period. Femurs from Groups 


V and VI were analyzed after one year’s 


— 
A 
admium Chloride on the Average 
ht of Rats 
Giam., After Wt., Gm., After Wt., Gm., After Wt., Gn After 
' Yl Days * Isl Days * 271 Days * $62 Days * 
Males Females Males Females Females Mules Femak 
21415 472460 275416 » 333424 
263419 411419 25145 03431 SIS+II M$+23 S54+18 31242 
ISS+12 416428 4445 W142 ind 298+29 524 
{ 244210 S87 +260 M4437 274416 SIS 23 312421 
j ° Days after exper 
‘ * + value re star 
Average weight ¢ 
§ This group was 
| 
\\ 
| 
| 
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2.—Cadmium Concentratt 


Kidneys 
Ppm Cd 
in ug. 
iroup) Drinking 
No Water 


‘“d, Gm. Wet Tissue Wt 


ti Mo 12 Mo 
0 


* 


Vil 


the standard deviation 


it the end of $ months 


+ Values are 
t Values obtained 


exposure, and in the case of Group VII 
at the end of three months. In all instances 
less than Ig. of cadmium per gram of fresh 
tissue was found, Rats apparently retained 
negligible amounts of cadmium in_ their 
bones when ingesting water: containing up 
to 10 ppm cadmium, 


As of 


water increased, the amount of cadmium re 


the cadmium content drinking 


tained in the kidney increased. most 


cases, tissue cadmium concentration 


was 
roughly proportional to the increase in cad 
The cad 


mium concentration per gram wet weight of 


mium content of drinking water. 


kidney at the end of a year was about two 
and one-half times as much as at the end 
of six months, whereas in liver the increase 
was twofold. 

Average cadmium intake, calculated from 
water consumption, and cadmium retention 
From 0.3 


is presented in Table 3. to 


3.—Intake and Retention 


Total Ingestion 
for One Year 
Mg. Cd/Rat * 


Average Cd Intake 
Group No pe. Cd/Rat/ Day * 


2ZY.820 

54.360 

100.000 


58.8 7 


Vil 


* Cadmium (| 
+ Values are for 84 days cadmium consumption only. 
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fter Ingestion of ( 


Liver 

Femur 
pe. Cad, im 
Wet Weight 
12 Mo 


Tissue Wt 


12 Mo 


0.444 0.30 


0.5 of the cadmium ingested in one veat 


Was retained by the kidneys and liver. The 


percentage retention for the three-month 


period was also determined for rats which 
50) ‘| he 
show that, except at the 0.1 ppm level, kid 


received ppm cadmium, results 
neys retain about the same per cent of the 
ingested dose regardless of the concentra 


Phe 


tion of cadmium in drinking water. 
did 


When the water contained from 0.1 


percentage retentions liver no 


to 2.5 ppm cadmium but at 5 to 10 ppm an 
Increase Was noted. 

Mortality due to respiratory infection o« 
curred in all groups, but there was no evi 
dence that cadmium had any influence on its 
prevalence, Such infections were occasion 


ally accompanied by pleuritis and empyema 


Comment 
Liver and kidney were analyzed for cad 


mium since it had been shown that. these 


Cadmium by the Rat 


Retention after Drinking Water Containing Cadmium for One Year 


Per Cent Cd 
Retained in 
aiver 


Per Cent Cd 
Retained in 
Kidneys 


Per Cent Cd 
Retained by Both 


Liver and Kidneys 


0.47 


idiministered as cadmium chloride) calculated from the water consumption 


J 
we. Cd, Gm. Wet 
wg. Cd Total 
Organs 12 Mo ti Mo 
I 0 0 0 0 
Il 3.444 0.34 O05 0.234 0.07 0.72 
0.5 4.5 2.28 11.344 2.77 0.90 1.004 0.63 YIS+ 3.23 = 
I\ 2.5 10.0 25.85+ 9.39 47.604 11.18 3.80 2.08 19.38+19.13 
5.0 2.464 3.90 94.59 7.28 4.69 140.954.3037 0.504 0.21 
VI 10.0 30.2 S3.56424.86 174.09-419.95 HYD) 30.084 12.49 0.63 430 
|_| 50.0 53.204 8.30 93.304 38.744 4.004% ¢ 
I 0 0 
II 3.1 1.132 0.21 0.30 0.51 
15.9 5.7) O16 0,20 0.36 
O17 0.16 0.33 
Vv 0,26 OAT 0.43 
VI 0.35 O17 0.52 
| ol 18 Sept 1958 


CHRONIC TOXICITY STUDIES—CADMIUM 


organs store a large part of the cadmium \ reduction im growth rate, water con 
which is retained.'* Whatever cadmium is sumption, and blood hemoglobin was found 
initially siored in these organs seems to be in rats ingesting 30 ppm cadmium for three 
tenaciously held. This observation is) sup months. Bleaching of incisors was also ob 
ported by other experiments ' in which no ved in these animals 
decrease in the cadmium content of liver 
and kidney could) be demonstrated two 
weeks after rats were given a single dose REFERENCES 
of [as Cd( Ne by stomach tube 

It is apparent that both the duration and 
level of intake influence the amount. stored admin ndust. 4 32, 1932 
in certain tissues. Whether a plateau ulti otter, , and Cotter, B. H 


mately might be reached cannot be est: 


Poisoning, Arch, Indust. Hyg. 3:495, 


lished from this) study. Unless animal 
experiments provide some evidence that 
prolonged ingestion of small amounts of 
cadmium in water does not lead to harmful 
accumulation it will be necessary to use ex 
treme caution in establishing a standard for 
humans. 

These experiments with rats show, how 
ever, that the consumption of water 
taining as much as 10 ppm cadmiun 
one vear had no detectable adverse eft 
judged by general health, growth rate, 
and water intake, blood studies, and exar 


nation for pathological changes. 


Summary 


live groups of rats were given W 
containing between and 10.0) ppm 
mium for one vear. No differences be 
tween these groups and controls were 
observed in water intake, food consump 
tion, or body weight, nor were any patho 
logical changes blood or other tissues 


noted, 


Cadmium content of either liver or kid 
C.. and Osterherg 


ney imereased in direct: proportion the 

vase Phe Photelometetr and Its | 

cadmium intake. Tissue values obtained at nical Latoratory. Am. |. Ci 9408 


the end of a year’s ingestion were roughly 5. Saltzman, B. 1] Colorimetric Microd 


double those obtained at the end of six mination of Cadmium with Dithizone, Analyt 

months. Kidneys retained two three 25493, 1953 

: Decker, C. F.; Byerrum, R. U., and Hop 
( \ \ Study of the Distribution and 

Re tion of Cadmium-115 in the Albino Rat, 

cadmium per gram of fresh tissue. Arch. Biochem. 66:140, 1957 


times the amount of cadmium retained by 


the liver when calculated as micrograms of 


Decker et al 


erg, | Deposition and Distributiot 
Cadmium in Man in Chronic Poisoning, A M.A 
Arch. Indust. Health 16:27, 1937 
Prodan, L. Cadmium Poisoning: Il. Ex 
perimental Cadmium Poisoning, J. Indust. Hye 
14:174, 1932 
i 5. Princi, F., and Geever, FE. 1 Prolonged | 
5 halation of Cadmium, Arch. Indust. Hyg. 1:63 
1950 
6. Monier-Wilhiams, G. W Trace Elements in 
Food, New York, John Wiley & Sons, Inc. 194 
7. Milk Ordinance Code, Public Health Servic 
Publication 229: 1933, p. 69 
Ginn, J. T., and Volker, J. Effect of 
, nd F on Rat Dentition, Proc, Soc. Exper. Bio 
& Med. 37:199, 1944 
tfects Cont ed ¢ lreedineg | 
Phar & Exper. Therap. 71:222, 1941 
10. Fitzhugh, O. and Meiller, F. Chroni 
Toxicity of Cadmium: J. Pharmacol. & Exp 
Therap. 72:15, 1941 
11. Wilson, R. H., and De Eds, Importar 
of Thiet in Studies of Chronic Toxicity, At 
: lt st. Hye. 1:73, 1950 
; 12. Garrity, L. V.: Possible Hazards Due to 
Cadmium-Coated Pipe and Fittings, |. Am. Water 
: Works A. 40:1194, 1948 
13. Lieber, M., and Welsch, W. G.: Contamir: 
tion of Grround ‘Vater ( Imium. At Water 
231 


Studies 


Chronic Toxicity 


lI]. Hexavalent and Trivalent Chromium Administered in Drinking Wate 


to Rats 


Acute toxicity of chromium by topical 
exposure or inhalation resulting in ulcer- 
like lesions has been recognized as an in 
dustrial hazard for many years.’ Prolonged 
exposure to chromate mists has been sug 
gested as contributing to the high incidence 
of lung cancer in certain industries.** 
\cute poisoning by ingestion is well docu 


Animal 


to determine 


mented.4% studies have also been 


made symptoms of acute 


toxicity. However, few investigations 


have been made on chronic toxicity of in 


gested chromium. The longest previous 
study involved periods of two to three 
months in which 134 parts per million 


(ppm) or more was shown to produce toxic 
symptoms in rats.? 


I-xtensive industrial use of chromium 


and disposal of chromium wastes have re 
sulted in contamination of many water sup 


plies in the United States. In one survey, 


the chromium content of 24 municipal 
water supplies ranged from 0.001-0.04 


ppm,* and well waters have been reported 
to contain up to 25 ppm of chromium.” At 


present the maximum allowable chromate 
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Departments of and 


Chemistry Pathology, 
Michigan State University 

This investigation was supported in part by a 
Health. 
Part of a thesis presented to the School for 
\dvanced Graduate Studies by R. D. MacKenzie 


in partial fulfillment of requirements for the degree 


grant from the National Institute of 


of Doctor of Philosophy, Department of Chemistry 


Present address: Biological and 
Medical Research, Argonne National Laboratory, 
Lemont, Ill. (Dr. C. F. Decker); 


Wm. S. Merrell Company, Cincin- 


Division of 


Biochemistry 
Department, 


nati (Dr. R. D. MacKenzie) 


232 


ROBERT D. MacKENZIE, Ph.D.; RICHARD U. BYERRUM, Ph.D.; CLARENCE F. DECKER, Ph.D.; 
CARL A. HOPPERT, Ph.D., and ROBERT F. LANGHAM, 


Ph.D., East Lansing, Mich. 


concentration in potable water supplies is 
0.05 ppm expressed as chromium.!’ This 
1 the 
harmful level and is supported by the ob- 


is assumed to be well below lowest 
servation that a family used water contain 
ing 1 ppm of chromium for three years 
with no apparent il effects.” 

Since so little is known about the hazards 
of prolonged ingestion of small amounts of 
chromium, water containing up to 25 ppm 


Was given to rats for a period of one year 


Methods and Materials 


two experiments Sprague 
Dawley albino rats, 34 days old, were arranged 
into six groups. The control group (1) was giver 
distilled water, and Groups Il to VI were giver 
water containing 0.45, 2.2, 4.5, 7.7, and 11 ppm ot 
chromium (as KeCrOy) respectively. Except for 
the control group, which contained 10 rats of cacl 
sex, each group consisted of & males and & females 
The rats were then grown and examined for 
pathological changes in both blood and tissues as 


described in the preceding paper 


In the second experiment, rats were divided inta 
three groups, each composed of 9 females and 12 


VIl, the 


Group VIII was given water con 


males. Group control group, received 


distilled water 
taining 25 ppm of chromium as 


Group IX 


chromium inthe 


potassium 
given 25) 
chloride. All 


other experimental conditions were the 


chromate, and was 


form of chromic 


same as 

outlined previously,’’ except that no animals were 
killed at six months 

Livers, kidneys, and femurs from rats killed 


at six months were analyzed for chromium. In 


addition to these, spleen was analyzed in animals 
killed at 12 


tissue was wet-ashed on a hot plate in 250 ml 


months. A weighed sample of eacl 


Phillips beakers covered with watch glasses using 


concentrated sulfuric acid to char and then con- 


centrated nitric acid to oxidize the organic mattet 
Saltzman’s micromethod * was used for chromium 
analysis. 


| 
: 
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HRONIC TOXICITY STUDIES—CHROMIUM 


Taste 1.—Chrominm Concentrati 
m Drinkin 


Liver 
in Drir CrGm. Wet Tiss 
Water 
Male Femal 


II 

\ 


Results pearance nor pathol 


OI changes 


or other tissues were observed 


Phe chromium content of 


] 
} - ater intake, however ts 
spleen, and femur are given able 1. Mt ; 


P animal ving hexavalent chron 
concentrations O-3 ppm chromate ion, rela 5 : 
ince femal drank and the 
tively litthe chromium was found in any of ee 


‘ ‘ the ntr Is 
the tissues. However, when the animals he control 


received between 5 and 10 ppm in drinking ality le to respiratory 
water, an appreciable increase in concentra occurred experiments, 
tion in all the tissues examined occurred. Was evidence 
Phe spleen contained significantly greatet Influence on the 
quantities of chromium than the other tis tory infection 
sues. However, no significant differences in 

ight, food, and water consumption, or Comment 


blood analyses between any of the experi Visek and coweckers®~ shimsebee 
ental groups and the control group were hexavalent chromium, when injected. intra 
observed. In the microscopic study of tis venously, was excreted more rapidly than 
sue sections, no significant changes wer trl alent chromium he tact that tissues 
tound that could be associated with in from rats given hexavalent chromium con 
gestion of chromium. ined nine times the amount in tissues of 


Missue chromium concentrations shown — rats given trivalent indicates that hexavalent 
in Table 2 indicate that the group receiving chromium is absorbed to a much greater 
chromate had an average tissue chromium — extent, ¢ onsequently, hexavalent chromium 
content about nine times greater than. that 


Ss must tentatively be considered potentially 
found the group receiving trivalent) more hazardous than trivalent) chromium 
chromium. when -ingested. Reduction of hexavalent 
leven at these higher intakes of chromium chromium to the trivalent form would ap 
no significant differences in weight gains 


g preciably decrease the potential hazard re 


and food consumptions were found among — sulting from disposal of chromate wastes, 


the groups. Neither gross changes in ap- as judged from study of 25 ppm chromium. 


TABLE 2.—Chromium Concentration in Tissues of Rats Given 25P pm 
of KeCrO, or CrCls in Drinking Water for one Year 


Kidney Liver Jone Spleen 
ug Cr/Gm. Wet Tissue we Cr/Gm. Wet Tissur rCr/Gm. Wet Tissut we Cr Gam. Wet Tissue 
Group Ppm Cr 
No Condition Male Female Male Female il emal Male Female 
(Control 0.28+ 04 * .05 0.054.004 
25 10.47+.97 13.79+1.4 3.2 +.31 


0.904 O78 
25 t 1L.71+.29 2.07+ 045 


23.53+1.7 52.8543.9 
3.224 .45 3.88+ .17 


Cr 
Cr 


* + values are standard errors. 
+ Administered as K,CrO, 
Administered as CrCl. 


MacKenzie et al. 


Vater for One Year 
Kidney Bone Spleer 
le we Cr Gm. Wet 1 1 we Cr Gm. Wet Tissue we Cr Wet ‘I 1 
trroup 
No. Male Femal Mal Femal Mal Fes 
I 0 0.2 0.72.08 
2.2 017 O.17+.038 0.244 02 is 1.27 14s 1S t+ 
4.5 0.1504 O.47 7 214 25 2.44+-.2 $4 44 7 
O.70-+ 14 0.55+- 34 7 34 + 3> » We 
values are tandard errors. 
1un 
1 
ales 
mitection 
but there 
] 
Na any 
respira 
| 
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A 


No toxic symptoms were observed in any 


of the groups fed low concentrations of 


chromium over a period of one year, al- 


though quite high concentrations were 


found in the tissues. Apparently, tissues 


can accumulate considerable quantities of 
chromium before pathological changes re- 


sult. Since both sexes ingested equal 


amounts of water, the chromium intake, in 
relation to body weight, was obviously 
greater in the females. This probably ac- 
counts for the chromium 
The estab 


lishment of a higher allowable concentra 


higher tissue 


concentrations in the females. 
tion than the present 0.05 ppm of chromium 
in water for human consumption will have 
to be postponed until further work on the 


metabolism of chromium has been done. 


Summary 
live groups of rats were given water 
containing between 0.45 and 11) ppm of 


chromium as chromate ion for a year. No 


ditferences were observed between these 
groups and the controls as to water intake, 
food consumption, or weight gain: nor did 
an analysis of blood at monthly intervals 
or examination of tissues at six months or 
a year show any significant differences be 
tween any of the groups given chromium 


and the control group. 
Kidney, liver, and femur were analyzed 


for chromium at the end of six months, 
and these plus spleen were analyzed at the 
end of one year. There was an abrupt rise 
in tissue chromium concentration when rats 
ingested water having concentrations above 
> ppm of chromate ion, 

Two groups of rats were given) water 
containing 25 ppm of chromium as hexava 
lent and trivalent chromium, respectively, 
for one year. No toxic symptoms were ob- 
served either tissue 


group. However, 


concentrations of chromium were approxi 


A. ARCHIVES OF INDUSTRIAL HEALTH 


mately nine times higher in the group given 
This that 
chromate ion is absorbed to a much greater 


hexavalent chromium, 


suggests 


extent than trivalent chromium at this level. 


Wm. S. Merrell Company, Cincinnati 

Mackenzie). 
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DWIGHT CULVER, M.D.; JOHN KINOSIAN, B.S.; WILLIAM THIELEN, B.S., and 


ROBERT GRAUL, M.S., Berkeley, Calif. 


Introduction 


With the advent and inereasing use of 
highly toxic organic phosphate insecticides 
the need has occurred to dete rmine the haz 
ard of exposure to workers. Studies have 


been conducted on outdoor 


exposures in 
work situations,’ but no such studies have 
been reported on exposures in enclosed work 
ireas such as greenhouses, where environ 
mental conditions differ from outdoor con 
This 

the 


ditions. 


study was undertaken to 


determine amounts of exposure to 
parathion and the effteets of such exposures 
on Tl emplovees of the plant: experiment 
station of a large food packing company in 


central California. 


Concentrations of parathion aerosols and 
apors and of surface residue on plant and 
glass surfaces in the greenhouses were ce 
termined. To estimate the exposure of 
workers handling contaminated plants and 
objects, the amount of parathion accumu 
lated on their skin during specific jobs was 
measured, These data, together with the ce 
tailed work records of each worker, made 
it possible to estimate each individual's total 


exposure to parathion. 

In order to determine the toxic effects of 
these eXposures, the cholinesterase levels of 
the employees were taken twice weekly dur 
addi 


tional determinations were made five weeks 


ing three months of exposure and 


after the last parathion application. 


Received for publication Dee. 9, 


1957 


From the Division of Preventive 
Department of Public Health: Dr 
Physician; Mr. Kinosian, Industrial Hy 


Thielen and Mr 


Med Ine, 
California 
Culver, 
viene Engineer; Mr Graul, Pub 
lic Health Chemists 


Description of the Greenhouses and 
Spraying Procedures 


lhe greenhouses studied in this rey 


The 


of a plant experiment station 
rsonnel studied here consisted o 


and eight women who conduct experi 


nents plant breeding and investigate 


plant diseases. For the purpose of this study 


} 


broken down mM 


the ac tual 


10 e¢] issifications 


following 


10. Watering 
lhis work was done in four greenhouses. 
LOO ft high at the 


each, 15 ft. center of 


gabled glass roof, 7! ft. at the 


base 
hese greenhouses are designated by num 
bers 1, 2, 3. 4, and are partitioned by glass 
walls into four units each, which are desig 
nated by letters A, B,C. and D 
then is 25 30 ft \ large double green- 
100 ft. 


and is 


each unit 


house 60 is located bevond these 
four, 


No; 5. 
Of the 17 


referred to as Greenhouse 
greenhouse units involved in 
this study, 3 were ventilated mechanically 
with outside air at a rate of approximately 
10 air changes per hour, and temperature 
was controlled by 
The remaining 14 
natural 


circulating heated or 
cooled air. 


units de- 


pended on ventilation. In 


these, 
glass panes were automatically opened and 


air circulated within the greenhouse when 


the temperature that desired. 
When the temperature dropped, the heaters 


were automatically turned on. 


rose abe ve 


The green- 
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three 
1 
1. Checking fruit or bloom 
rossi 
Handling harvested fruit 
Harvestis 
: 7. Shifting boxes 
| nlant« 
2 
is 


Greenhouse Units in Which Parathion 
Veasurements Were Made 


Pemperature, Ventilation Contents 


Natural 
Mechanical 
Mechanical 
Mechanical 

Natural 


Pea plants 
‘Tomatoes 
Bean plants 
Pea plants 
Bean plants 


house units in which measurements of para 
thion were made are listed in Table 1. 

For a period of three months the green 
houses were sprayed with known amounts 
of parathion every other Friday afternoon 
after the employees had completed their 
work day. The spraying was done with a 
portable cylinder containing 10¢¢ parathion 
and 90 methyl chloride as the propellant. 
The person who did the spraying wore pro 
tective clothing and a gas mask. He spraved 
above the plants as he walked through the 


greenhouses ( Fig. 1). 


Procedures and Data 
The total amounts sprayed in the 17 green 
house units were calculated by weighing the 
container before and after) spraying and 


are summarized in Table 2. 


Spraying parathion in greenhouse 
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TABLE 2.—Date of Spraying and Amounts 


Parathion Sprayed 


Date Parathion and Methyl 
Sprayed 


Parathion 


Chloride Sprayed, Gm Sprayed, Gm 


12°16 55 1,535 
1 6/5 1,300 
1,310 
1,558 
1.550 
None 
1,463 


eItmospheric Samples. Three appara 


tuses were used for collecting air-borne 
parathion: (1) fritted-glass bubblers, (2) an 
electrostatic precipitator, and (3) a Casella 
Cascade Impactor. As determined our 
laboratory, two fritted-glass bubblers in se 
ries, each containing 50 ce. benzene, had a 
collection efficiency of 92¢¢ for parathion 
vapor at a flow rate of 2 liters per minute 
The collection efficiency of the bubblers for 
parathion in mist form was not determined 
However, preliminary results indicated that 
for mist the collection efficiency of the 
fritted glass bubblers was considerably less 
than that of either of the other two meth 
ods, and thus then were used only to meas 
ure vapor after mist had settled from the 
atmosphere. 

The Averell-Norris method * was used to 


With our 


laboratory procedures the limit of sensitiy 


measure parathion in all samples. 


itv was Sg. and the accuracy with larger 
) 


amounts—2yg. Air samples were of suffi 
ciently large volumes so that concentrations 
of at least 0.05 mg/M* could be detected 
except for samples collected with the fritted 
glass bubblers when but 0.1 mg/M* could 
have been detected, 

The amount sprayed in each greenhouse 
Was estimated by determining the rate of 
parathion emission from the cylinder and 
the time required to spray a given green 
house unit. 

Atmospheric samples in Greenhouse 3-( 
were taken March 30, 1956, when 9740 mg. 
(40 mg/M*) was sprayed. Samples were 
taken in Greenhouse 2-B after the sprayings 
of Jan. 6, Jan. 20, Feb. 17, and March 16. 
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A.M. A, 
Greenhouse 
2-B q 
3-B 74 153.5 
3-( 74 130.4 
3-D 
1-D 70 ) 
5.0 > 
146.3 
1494 
Fig. | 
| 


EXPOSURE TO PARATHION IN GREENHOI 


On these dates 6760, 6740, 8220, and 9930 
mg. of parathion were sprayed respectively 


In order to correlate the results of the 


samples taken on the ditferent days, the con 
centrations found were adjusted to a stand 
ard. This was taken as the average amount 
M*). 

The results of the atmospheric concentra 
21 


spraved, 7910 mg. (33 mg 


2a and 


these 


tions are illustrated in Figures 
The time of ling referred 

‘ me Of sampling referred to in 
figures is the average time after spraving of 


40, 


24 


36 


lor example, if 


20 


collecting the sample 


sample were collected beginning minutes 


and ending 30 minutes after the greenhouse 


Was sprayed, the time of sampling would be 


25 minutes after spraying. In’ 25 minutes 


the concentrations of parathion decreased 


M* to 


and fr 


an intial value of 33 1.8 


in 
ng/M* to 0.19 mg 


mg 
(sreenhouse 2-3, 
M* in Greenhouse 
Three days after spraying samples 


taken with the electrostatic 


wr tery 
precipita 


. 


TIME OF SAMPLING (MINUTES) 


Fig. 2a.—Atmospheric concentrations of parathion in Greenhouse 
Circle represents sample collected with electrostatic precipitator 


time of sampling. 


2-B. Concentration versus 
Triangle 


represents sample collected with cascade impactor 
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1 
> 

Were 
4 
= 

\ 
19 L- Q. 
+ 
© 

¥ 4 4 
5 
fo) 
10] 
} + + + + 

i2 = 72 84 
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36 48 


60 
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72 


TIME OF SAMPLING (MINUTES) 


Fig. 2b—Atmospheric concentrations of 
time of sampling. Circle represents sample 
represents sample collected with cascade in 


the breathing zone of employees vigorously 
working with plants. No parathion was 
found in samples of 1.0 cu. m. air volume. 
No parathion was found by collecting in 
fritted-glass bubblers at a time of sampling 


of two hours or more, indicating that no 


parathion vapor was present after the mist 
had settled. 


Particle Size: The mass mean diameters 
were calculated on the basis of the atmos- 
pheric concentration, Figure 1, and Stokes’ 


Law, C=0.00592SD?, when C=terminal 
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parathion 
collected 


pactor 


ouse 
trostatic 


(sreenl Concentration 


Versus 


lec precipitator, Triangle 


velocity, feet per minute; Sis the density 
the particle, and /) the 
As the density of 
1.26 gm/em.", Stokes’ Law 
C=0.00745D", 
sampling instruments and the mean height 
8/t, where 


ot diameter in 
parathion is 


the 


microns. 
reduces 
distance between 
of the ceiling was & ft., thus C 


Stokes’ Law and solving for the diameter 


is the time in minutes. Substituting in 
of the particles that have dropped the dis 
stance of 


& 


\ 0.007 45¢t 
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EXPOSURE TO PARATHION IN GREENHOLI 


example: At two minutes, from Figure mean diameters determined by this method 


mg/M* remains of the original were at minutes, and 4u at 


= " =67.74 remaining. minutes. The former method indi 


Irom Stokes’ Law, at the end of two minutes, © a narrower distribution band of pat 

all particles of size 1) size than the latter. At ¢=2 minutes 
or greater have fallen out, Thus 086 of the of the mass of the drops Dy the 
mass of the particles are less than 230 in : ces’ Li method was between 4. and 
diameter, a vy the ascade lmpactor method 9OC 


bet AT d 
By plotting several values obtained in between 2p and 60 


this manner for each of several different 
limes after spraying began (¢) on log proba 

bility paper, the cumulative mass distribu *, were vor of the green 
lion curves were obtained. From these uses prior, to each spraying. At 

curves mass mean diameters were found to ! af the spraving, dishes wer 

be t f=0, at 2 minutes, and and analyzed) for parathion [he 
at minutes. the fall-out samples are presented 


()n two occasions, the amount of par; in bigures 3a and 3b to show the surtfac& 


thion collected on the slides of the Cascade concentrations and rate of disappearance of 
Impactor were measured separately due. Again the concentrations in Green 
chemical analysis to provide a < ‘stl ; 2 I were adjusted to the ave rage of 


mate of the mass distribution.” The ma amounts spraved in this greenhouse 


March (sunny)+ 


300 
TIME IN HOURS 


© Samples taken in January or February 


VY Samples taken in March 


Fig. 3Ja—Residue on Petri dishes on floor of Greenhouse 2-P meentration versus time 
after spraying. Temperature 50 F, unventilated ircles represent sampl ak ) Tanuarvy or 
February. Triangles represent samples tal 
Fig. 3b.—Residue on Petri di Greenhouse 3-( Concentration 
after spraying. Temperature 74 F, ventilation rate, 10 air changes per hour 
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2. Vertical ( Wall and Ceiling Surfaces): 


The results from eight Petri dishes affixed 


to the walls of Greenhouse 2-B indicated an 


average initial surface concentration on 
glass walls of 3.8 mg/M®*, the minimum be- 
ing 0.3 and the maximum 12 mg/M2?. 

No parathion was found in two Petri 
dishes affixed to the ceiling of this green- 
house. 

C. Plant 


units 2-B and 3-D contained pea plants; 


Surface Residue 


3-C and 4D, bean plants; and Unit 3-B, 
tomato plants. Samples of leaves and stems 
were periodically taken from these green- 
houses and the amount of parathion on them 
determined, care being taken to select only 
mature leaves. Growth of immature leaves 
between spraying and sampling would cause 
low results as the amount of parathion was 
measured in terms of parts by weight of 
parathion per million parts by weight of 
leaves. 

The ratio of the weight to surface area 
of the pea leaves and stems was determined 
so as to be able to convert results in parts 
per million by weight to concentration in 
terms of mg/M¥*. This was done by tracing 
leaves and stems of known weight on paper 
of known weight and area, cutting out the 
tracing and then reweighing the paper. The 
surface area per unit weight of pea leaves, 
including stems, was found by this method 
to be 90 cm?/gm. 

Bean and tomato leaves of measured area 
were weighed, and the surface areas per 
unit weight of these were found to be re 
spectively 60 and 50 em*/gm. 

The results of the determinations of plant 
surface residues are illustrated in Figure 4 
in terms of ppm. 

D. Worker Exposure.—1. 


of Skin Exposure: Head bands of absorb- 


Measurement 


ent paper were worn by workers while ty- 
ing up mature pea plants and bean plants. 
No parathion was found on these. 

Skin contamination as a result of workers 
coming into contact with plant and other 
surfaces sprayed with parathion was meas- 
Cotton balls with 95% 


ured. moistened 
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TABLE 3. 
artous Job 


Hand Exposure Indi 
Categortes 


Parathion on Hands 
Per 100 Ppm Parathion 
on Plant, Mg 


Type of Job 


Beans Peas ‘Tomato 

Checking fruit or bloom oe 
Crossing 42 6l 
Handling harvested fruit 35 
Harvesting 62 7s 20 
Pruning 10) ee 
Seed planting 4 

Shifting boxes “4 23 a 
rransplanting 3.5 23 

lying plants &2 113 
Watering 1s 


ethyl alcohol were used to swab the skin 
of the forearms and hands of the workers. 
The swabs were extracted and analyzed for 
parathion. No parathion was found on th 
forearms. By swabbing the hands, amounts 
up to 176ug. were recovered. Preliminary 
studies in our laboratory indicate that this 
swabbing technique will give an average 
recovery of 80 of parathion applied. In 
Table 3, the results of 45 swabbings are 
presented as a ratio of surface residue for 
each type of iob and type of plant. These 
ratios varied from 3.5 to I1l3ug. of para 
thion on the hands per 100 ppm of para 
This 


index or ratio of parathion on the hands to 


thion on the plants. hand exposure 
that on the plants did not appear to depend 
upon length of exposure. 

Careful daily work records were kept by 
four employees during the period Jan. 27 to 
April 13. These records detailed each job 
done, the type of plant involved, and. the 
Whenever 


it Was necessary to interrupt a job, the hands 


time to the nearest 15 minutes. 
were washed, terminating the exposure, and 
the time was noted on the work record. 
The work records of these four, together 
with the hand exposure indexes in Table 3 
and the plant surface residues in Figure 4 
enabled a calculation of the cumulative ex 
posure. This is unit 
ug.=hours, which is the product of the 
average exposure and the total number of 
hours exposed. These results are presented 
in Table 4. Worker C had the lowest ex- 


eX] yressed by the 
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ALM. 
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Hand Exposure 


No Average 
Worker of Days Exposure Hours 
Worked Per Day 


posures, 204ug.-hours, while worker H 


plasma cholinesterase means, mean difter 
sustained the highest 2910ng.-hours, dur 


ences and standard error of difference are 
ing the period Jan. 27 to April 13, when presented in Tables 5a and 


Sb. Phe proba 
careful work records were kept. 


bility shown in these tables was determined 


TABLI 


Mean Red Cell ChE Reading 


*osTeXposure Exposure 


Sample Sample 


O40 


2. Cholinesterase Levels: Cholinesterase by the t-test with significance: set at 0.05, 


levels of the employees were determined by 


A t-score vielding this significance indicates 


Michel's method,® The red blood cell and that the rence im mean cholinesterase 


TABLE 5b.—Plasma Cholinestep we Means, Mean Differen 
Standard Error of Differen 


cs 


Mean Plasma ChE Readings 
Mean 
Worker Postexposure Exposure Difference 


Standare 
Error of 


Sample Sample Ditference 
0.79 O.071 


0.73 +O0.01 0.083 


O87 +0.06 O.058 
O61 


OSI 


O.074 
0.073 
O.112 
0.108 


0.204 


O71 +0.06 
O80 +0.04 
0.60 
0.76 +0.05 
O.57 O11 O.057 


0.72 0.04 0.093 


Single reading 
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A 
S/ 
4— 
Based on Work Recor dl 
Parathion on Hands During 
Parathion on Work Day, ug Pot 
Hands During 
Working Hour Highest pow 
Lowest During 
Average, yg Average Average Reportir 
te} 
Period 
6.0 12.3 l 
2 yu) 
5a—Red Cell Cholinesteras m 
Cholinesterase Mea Vean Differences. an 
fandard terror Lifferen 
Mean er nt 
Difference Decrease 
Ditference 
O87 0.12 
7 
17 0.055 
0.77 0.21 x) 
2 0.060 0.005 
7 0.74 0.05 0.073 
: 2 0.058 <0.100 
OW O74 O16 s 
* Single readin 
Probability 
OS] 
<O.150 
<0.200 
pe <0.350 
<0.450 
<0.400 
J 0.68 * 
K 0.76 
<0.350 
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levels would oceur by chance only 5¢¢ of 
the time. 


None 


f-scores demonstrated any significant differ- 


of the plasma cholinesterase 
ences Of exposure and postexposure cholin- 
esterase level. 

The results of the red blood cell cholin 
the 1] 
workers had a significant depression. All 
11 workers had depression ranging from 


esterase ¢-scores indicate that & of 


to 20%. 


Comment 
al. Atmospheric Concentrations.— As seen 
> 


in Figure 2, the atmospheric concentrations 


TIME 


M. A 
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of parathion mists obtained with Casella 
Cascade Impactor and with the Electrostatic 
Precipitator were comparable, With use of 


fritted-glass bubblers, there was no indica 


tion of the presence of any parathion vapor 


had settled; thus 
posure would be attributed to vapor. 


after the mists no eX 
The 
possibility of breathing droplets or para 
thion absorbed on dust shaken loose from 
plant surfaces was not indicated from sam 
ples taken at the breathing zone of workers 
vigorously tying plants. 

the concentration of the 


musts decreased to the M. A, C 
* Maxn 


After spraying 
within an 


um allowable concentration, 


$A 


(sreenhouse 


hig Spray 


surfaces 


residues on plant 
Concentration versus time 


spraying Pea leaves at 50 F, unventilated 


Fig. 4B 


Greenhouse 3-B 


Spray residues on plant surfaces 


Concentration versus time 


tomato leaves at 74 F, unventilated 
Fig. 4C 


Greenhouse 


spraying 


Spray 
3-D 


Pe a leaves 


residues on plant surfaces i 


Concentration versus time aftet 


spraving at SO F, two air changes per 


hour 


IN HOURS 


A, 
0.1 me/M 
PPM A 
400, 
200} 
oN atte 
| | 
10 
| 
B 
100, r 
| 
| 
row H | | 
| | 
° | 8 
200 400 600 200 400 600 
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hour and a half in Greenhouse 2-B and in 
even less time in the ventilated greenhouses 
owing to partial removal of the mists as 
The 


tions, however, were the same. 


they were settling. initial concentra 
The mass 
mean diameter of the mists two minutes 
after spraying, calculated from Stokes’ Law, 
was I4u. This was in good agreement with 
the value of Ly as determined by the 
Casella Cascade Impactor two and one-half 
minutes after spraying. The size distribu 
tion of the mists differed considerably by 
these both these 


methods are crude and intended only to 


two methods. However, 
give an order of approximation of particle 
size, 

As the workers were not allowed in the 
greenhouses until the morning of the third 
day after spraying, there did not appear to 
be any exposure from breathing parathion 
mist. 

B. Surface Residues.—As shown in big 
ures 3 and 4, there was considerable varia 
tion in the measures of surface residue. The 
variation was probably due to lack of um 


TO PARATHION IN GREENHOUS|! 


form distribution of the 


and to dit 
ferences in environmental conditions. 


spray 


Phe initial surface concentrations, in terms 
of mg/M¥*, on the plants are less than a 


fourth of Petri dishes, 


probably because the underside of the leaves 


that on the glass 


and leaves hanging vertically receive sub 
stantially less parathion than the upper fac 
ing surfaces of the lurther, the 
leaves that are higher would prevent para 


leaves. 


thion from settling on surfaces immediately 
below them 
The 


due on the mechanically ventilated green 


initial concentrations Of spray. resi 
houses ranged from one-third to one-half 
the concentrations found in the greenhouses 
dependent on natural ventilation, 


and 4, the 


concentration 


As shown in Figures 3 


logarithm of the decreases 
linearly with time. It is convenient to ex 
press such exponential functions in terms 
of the time required for the concentration 
to decrease one-half, much as_ half-life is 
used to 


first-order reactions 


The 


eXpress and 


radioactive decay. half-concentration 


600 


Fig. 4D.—Spray residues on plant surfaces in Greenhouse 4-D 
after spraying. Bean leaves at 70 F, unventilated 
Fig. 44.—Spray residues on plant surfaces in Greenhouse 3-C 


ventilated 
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Concentration versus time 


Bean leaves at 74 F, un 


PPM 
100 ; 
+ + + + + + + + 
+ + + > + + + | 
fo) © : 
| 86 
© 
10 + + + 
| | | lo_\! 
5 + fo) + + + + + + 
4 : 
| | | | | — 
: 
200 400 200 400 600 
: 
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A, 


Greenhouse 


Type of 
No. Surface 


Type of 
Ventilation 


2 Glass Natural 
3-C Glass Mechanical 
2 Peas Natural 
3-B Tomatoes Mechanical 
3C Beans Mechanical 
3D Peas Mechanical 
4D Beans Natural 


times and the initial concentrations of the 


surface residues are summarized in Table 6. 

It is not possible to explain why the 
logarithm of the concentration decreases 
linearly with time without specific informa- 
Decker * 
has found that concentrations of DDT spray 


tion of all the factors involved. 


residue decrease linearly with the logarithm 
of time. Some of the principal factors of 
spray residue decrease, according to Decker, 
are plant growth, decomposition rates, and 
vapor pressure. The difference in the func- 
tions of parathion and DDT spray residue 
decrease suggests that other factors, such as 
phase and surface tension of residue, may 
also be involved. 

The shorter half-concentration time on 
the glass surfaces compared with plant sur- 
faces may be explained in part by the 
higher surface temperature of the former. 
The Petri dishes, set on the floor, or on a 
box, were probably heated by sunshine to a 
higher temperature than that of the leaves. 
As the vapor pressure increases with tem- 
perature,® the rate of evaporation would be 
faster. In Greenhouse 2-B, the half-con- 
centration time on the Petri dishes sampled 
in March, a sunny month, was less than on 
the Petri dishes sampled in January and 
February. 

The half-concentration times on the plant 
surfaces were approximately 80 hours, with 
the exception of that on tomato plants. The 
results of the residue on tomato plants may 
be less significant as fewer samples were 
taken of these. 

C. Skin Exposure. 


Swab samples meas- 


ure only the amount of parathion found on 
the skin surface. However, these measures 
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TaBLe 6.—Surface Residue Concentrations 


Temperature, F 
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Half-Concentration 
~ Time 
by Hours 


Initial Concentration 


Ppm Mg/M.? 


50 96 

74 . 55 13 
50 20) 22 
74 40 s ao 
74 45 
63 
70 65 


of hand contamination, when related to a 
given job and plant, provide a basis for 
skin 


Since there is no 


developing indices of exposure for 
various job categories. 
estimate of rate of skin absorption, the 
amount of insecticide taken into the body 
cannot be determined from these samples. 
In Table 3 it can be seen that the indices 
range from 3.5 to 1l3ug. of parathion on 
the hands per 100 ppm of parathion on the 
plants. Most of the values are in the range 
of 20 to 80ug. per 100 ppm. The mean 
is 43.5, while the median is 39ug. per 100 
ppm. Low resulted from seed 
planting, shifting boxes, transplanting and 
watering (Fig. 5); high indices resulted 
from tying plants, pruning, harvesting, and 
crossing 6), 


indices 


medium indices 


from checking fruit. There appears to be 


(Fig. and 


no consistent difference in the indices of 
skin exposure from one type of plant to 
the next. Differences may be obscured as a 
result of these indices having been calculated 
on the basis of ppm. Since bean and tomato 
leaves weigh more than pea leaves per unit 
surface area, indices for beans and tomatoes 
based on surface area would be relatively 
less than pea leaf indices based on the same 
surface area. 

Exposure indices have not been calculated 
in terms of unit surface area because most 
measurements of plant residue in agricul- 
ture are being made in terms of ppm. In- 
dices of skin plant 


residue in ppm were used to estimate ex 


exposure based on 
posures of. workers in these greenhouses. 
rhey should be useful in estimating hand 
exposure to plants sprayed with insecticides 
in other agricultural situations. 
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Fig. 5a—lIllustration of 
accumulated low 
hands 


which workers 
parathion on their 


job at 
amounts otf 
Watering bean plants 

D. Cholinesterase.—Since the red blood 
cell cholinesterase levels during the expo- 
sure period of the study range from only 
6% to 206 below postexposure levels, it 
cannot be stated definitely that this depres- 
sion was due to parathion absorption. If, 
however, parathion absorption caused the 
depression, then exposures were insufficient 
to initiate a progressive downward trend in 
red blood cell cholinesterase level. It would 
be impossible to speculate on how much 


Fig. 6a.—Illustration of job at which workers 
accumulated higher amounts of parathion on their 
hands. Tying pea plants. 


x 
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Fig. 5b.—lIllustration of job at which workers 
accumulated low amounts of parathion on. their 
hands. Handling small tomato plants 
more parathion absorption would be re- 
quired to place these workers in negative 
cholinesterase balance where red blood cell 
cholinesterase destruction would be greater 
than production. However, any depression 
in cholinesterase levels decreases tolerance 
to further exposure. To be safe, it had to 
be assumed that the decrease in cholinester- 
ase level was due to parathion and that any 
increase in the exposure would be dangerous. 

Fig.. 6b.—Illustration of job at which workers 


accumulated higher amounts of parathion on their 
hands. Crossing pea plants. 


A } 4 = 
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Plasma cholinesterase is generally consid- 
ered more sensitive, if less specific, than red 
blood cell cholinesterase to parathion. The 
absence of significant change in plasma lev- 
els in this study can lead only to specula 
tion. It is possible that the liver, thought to 
be the source of plasma cholinesterase, is 
capable of compensating for continuous but 
slight destruction of plasma cholinesterase. 
determinations 


Periodic — cholinesterase 


showed no apparent relationship to periods 


of high surface residue or long hours of 
exposure. The lack of sensitivity of the 
cholinesterase determination and the rather 
high individual fluctuations make it difficult 
to resolve single, relatively small changes in 
cholinesterase level. However, it may be of 
interest to note that workers E, F, G, and I, 
whose red blood cell cholinesterase depres- 
16, 
cupied more of the time with jobs which 


sion ranged from 6% to were Oc- 
kept them away from the greenhouses than 
were the other workers whose red blood 
cell cholinesterase depression ranged from 
15% to 20°. 

When one looks at the estimated skin ex- 
posures of the four workers listed in Table 
4, average amounts of parathion on the 
hands of 3.4ug. to 14.9ug. even over pro- 
longed periods of time seem rather small 
in comparison with the estimated oral lethal 
dose for men of 20 mg. Even the expo- 
sure of worker H, which averages 14.9yng. 
on the hands during 30 days of 6.5 hours of 
exposure per day, would seem too small to 
have been significant. However, without 
more accurate information on the rate of 
skin absorption, it cannot be stated that it 1s 
indeed too small. 

Other possible sources of exposure which 
must be considered are the following: 

1. Hand to transference. Most of the 
workers smoked while working with the plants 


mouth 


This could be a source of considerable exposure. 


2. Clothing contamination. 


Although the work- 
ers are provided with smocks or aprons, they do 
put their hands in the pockets of their dresses, or 
slacks from time to time while they are working 
in the greenhouses. These clothes are worn home 
and probably provide. a continuing source of ex- 


posure. 
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Summary 


This is a study of human exposure to 
parathion in a greenhouse where parathion 
Was used as an insecticide. Measures of air 
concentrations and surface residue were ob 
tained and related to human exposure. Cho 
linesterase levels of 11 workers were used 
to determine the significance of these expo 
sures, 

During working hours there was found 
to be no parathion, mists or vapors, in the 
air, The mitial concentration of sprayed 
mists, 40 mg/M*, decreased to the M. A. C., 
0.1 mg/M* within one and one-half hours 
The 


particles was 15y. 


or less. mass mean diameter of the 
I’exposures were due to contact with con 


taminated surfaces. The initial concentra 
tion of glass surfaces on the floor averaged 
80 mg/M*; on the wall 4 mg/M*, and none 
was found on the ceiling. The half-concen 
tration time of parathion on the glass sur 
faces varied from 13 to 50 hours, apparently 
dependent on surface temperature. On plant 
surfaces the parathion had an initial con- 
centration of from 80-200 ppm and an aver 
age half-concentration time of 80 hours. 

By analysis of parathion on the hands 
of workers handling contaminated plants 
and objects of known surface residues, the 
amount of parathion accrued on the hands, 
though independent of length of exposure, 
could be predicted for each type of job. 
This enabled an estimate of the hand expo 
sure of four workers who had maintained 
a complete work record. These exposures 
varied from 200ug.-3000ug.-hours, with an 
average of 3.5ug. to 15ug. continuously on 
their hands during working hours. Red 
blood cell cholinesterase levels of the work 
ers were 6% to 206 below postexposure 
levels. 

It could not be stated that the red blood 
cell cholinésterase depression definitely Was 
caused by the measured exposures or even 
by other unmeasured exposures to para 
thion. Nevertheless, to be safe this was as 
sumed to be so. 
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With lowered cholinesterase levels, sensi 
tivity to parathion is Small in 


CcTeases in exposure above those measured 


greater. 


in this study may produce symptoms of 
potsoning. Precautions which should be ob 


served for the protection of workers in 
greenhouses are as follows: 

1. No one should be permitted in the v1 
cinity of the from 


exhaust mechanically 


ventilated 


after 


greenhouses during or shortly 


spraying. Considerable amounts of 


parathion may be exhausted at these times. 
2. Good 


ticed., 


housekeeping should be prac- 
Parathion on dust or dirt accumulated 
on horizontal surfaces may easily be resus 
pended by drafts or by persons walking and 
scutting the floors. 

3. Smoking while hands are contaminated 
with parathion may produce an oral expo 
sure. Furthermore, parathion on the out 
side of a and 


Workers 


should not be allowed to smoke while work 


cigarette may be volatilized 


inhaled along with the smoke. 
ing inside the greenhouses. 

4. Since workers often contaminate theit 
clothing by reaching into” their pockets 
while working in the greenhouses and_ this 
may provide a significant exposure, some 
of smock should be provided which 
contains adequate pocket space and at the 
same time makes it impossible to reach their 
own clothing. 


5. A regular, periodic cholinesterase test 


ing program supervised by physician 
should be established for all workers rou 


tinely employed in greenhouses where para 
thion is used. The need for this is apparent 
from the fact that depression of cholinester 
ase levels does occur in employees working 


in these greenhouses. Slight increases in ex 


Culver et al 


TO PARATHION IN GREENHOI 


posures may result in progressive depression 
of cholinesterase levels to a point where se 
vere poisoning might occur. Such a testing 
program could discover progressive depres 


sion prior to severe poisoning, 


This study was made possible through the .co 
peration of the Aer ur Lesenar i tot the 
( ria Packing Corporation. Assistance im cor 

ting and analyzin he results of this study was 
given by Muss Irene Vollbrecht, Public Healtl 
N ed Com Health Department, and 
M Rolland H. Wright Xesearch Techniciar 
( Departme of Puble Healt 
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Organic Mercury 


Environmental Exposure, Excretion,and Prevention of Intoxication 
,’ 


in Its Manufacture 


B. D. DINMAN, M.D., D.Sc., Columbus, Ohio; E. E. EVANS, M.D., and A. L. LINCH, M.S., 


Penns Grove, N. J. 


A tentative threshold limit for organic 
mercury of 0.01 mg. per cubic meter of air 
has been suggested by the A. C, G. I. H.! 
According to Smyth? this limit is largely 
based on the reports of Lundgren and 
Swensson * and Ahlmark,! who concluded 
that the established —10-fold 
higher mercury level was potentially dele- 
terious. 


previously 


A health control program established at 
Chambers Works in 1950 was based on an 
established threshold limit of 0.1 mg. per 
cubic meter.’ On the basis of five and one- 
half years’ experience in the manufacture 
of organic mercurials under close surveil- 
lance, this limit has been confirmed as a 
reasonable tolerance. for prevention of or- 
ganic mercurial intoxication. 

Close examination of the European stud- 
ies revealed the methods for analysis’ of 
organic mercurials were not described by 
these investigators.** review of the 
mercury analysis literature disclosed serious 
technical difficulties could be 


6-10 


encountered 
in the trace ranges In some cases losses 
of organic mercury up to 100% were re- 
ported.!! This element of uncertainty ren- 
ders the validity of much of the reported 
data questionable. 
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In view of the confusion produced by 
unavailable critical 
study to resolve the relationship between 
exposure 


analytical details, a 


mereury absorption was 


urgently needed. 


Methods 


Twenty workers employed in the manufacture ot 
organic mercurials were studied. Their exposure 
included both dust and liquid formulations. The 
dust preparations consisted of ethyl mercury chlo 
ride or phosphate adsorbed on inert clay; the 
liquids were solvent ‘solutions of ethyl or phenyl 
May, 1951, to October, 


1956, inclusive, the subjects worked an eight-hour, 


mercury acetate. . From 


five-day week. The study included those men who 
were exposed for periods of three or more con 
secutive weeks during this five and one-half year 
period, or who demonstrated urinary mercury levels 
greater than 0.100 mg. per liter 


stable plant population, only 4 of 24 persons ful- 


Jecause of a 


filling these criteria were lost to this investigation. 


The clinical findings were based on a review of 


monthly physical examinations, urine analyses, 


dispensary visits, and annual examinations includ 
ing chest x-rays, electrocardiograms, and audio- 
grams. In addition to medical histories, physical, 
neurological, and visual field examinations * were 
oriented toward the complex of signs and symp- 
toms reported by previous 
Clinical laboratory examinations for this study are 


summarized in Table 1. 
Urinary mercury analyses performed 
monthly on all potentially exposed workers, and 


weekly 


were 


following accidental exposures, or when 
the urinary mercury level exceeded 0.050 mg. per 
liter. All men whose urinary mercury level ex- 
0.100 mg. per liter from 
exposure, and not permitted to return until two 
successive weekly analyses were less than 0.050 


ceeded were removed 


mg. per liter. This program provided 807 urinary 
mercury determinations for statistical analysis. 
The method of Cholak and Hubbard *—as later 


modified by those investigators ’’—was combined 
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TABLE 
ork 


Complaints Elicited from Twenty 
Potentially Exposed to Organic 
Mercurials 


Total Definite Questionable 
Fatigue 
Insomnia 
Paraesthesia 
Extremity 
Tongue 
Irritability 
Impotence 
Visual disorders 
GI disturbances 
Indigestion 
“Heartburn” 
Muscular complaints 
Weakness 
M yalgia 
Vertigo 
Freq. headaches 
Anorexia 
Urinary 
Polydepsia 
Nocturia 
Cardiovascular 
Dysarthria 


Potal 


with the heavy metal separation 
and Nelson 
reliable 


technique of Laug 
This combination consistently yielded 
to 


mug. with an accuracy of + 10% of the amount 


mercury recoveries in the range of 0 


present within 90% confidence limits 
ot 0.002 my 


100-150 


reported elsewhere 


\ sensitivity 
per liter of urine was achieved with 
ml. samples. This combined method is 


A\ir-borne mercury was collected in moditied 
Standard impingers distributed at nine different lo 
cations in a three-story, manufacturing building 
Twenty-four-hour samples were collected each day 
at three locations Since each operator worked on 
all three floors every shift, these samples probably 
represented a reasonably accurate indication of in 
dividual exposures. The 4807 air analyses per 
formed during this period were incorporated in the 
statistical analysis. 

Statistical correlation of the mercury present in 
the environment with the mercury excreted by the 
men exposed was attempted. The mercury avail 
able for absorption through the respiratory tract 
Was expressed as a mean monthly atmospheric mer- 
The 
duration of the crew’s exposure for each month 


cury concentration per cubic meter of air 


was considered to be the mean of the weeks of 
cumulative exposure. Since organic mercury may 
be absorbed percutaneously, an estimate of absorp- 
tion by skin exposure was attempted, in terms of 
the mean monthly weight of mercury compounds 
produced. Each of these functions was applied in 
done linear 


a multiple regression analysis” on 
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and quadratic models by a digital computor, Pre- 
liminary examination of excretion data 
the 


months 


sugvested 


urinary excretion of two 


alter exposure; therefore, the data were 
adjusted to test 


mercury might lag 


a regression in this form. 


Urinary mercury excretion removal 


of 


following 
from eXposure was analyzed by the method 


least squares ™ to develop a significant regression 


<3 
Phe statistical techniques are described in detail 
the 


in 
Appendix, 


Results 


lhe mean age of this group of white men 


Was 37.73 within a range of 25 to 33 vears. 


Since no significant objective findings were 


detected, only subjective complaints were 
considered, The symptoms previously re 


ported to be associated with mereury in 
toxication are listed with their incidence in 
this study ( Table 2). 

Since these symptoms are nonspecific, 
evaluation by comparison with their inci 
dence in a nonexposed population was em 
ployed. This control group was of a similar 
age distribution, performed similar duties, 
and was instructed to refer their symptoms 
toa specific period when they helicved that 
their them 


of the 


work exposed to other toxic 


materials, Review 


records elimi 


nated those whose opinions might have had 


some factual basis. The results of the ea 


analysis of the most frequent: symptoms 


3.—Incidence of 
with Minima 
Compounds 

and | 


Comp 
Intoxication by 
m Twenty Potentially 
Unexposed 

Workers 


aints 
(Jy 


Nonsupervis 


Fatigue 


Present Absent 


Exposed 
Unexposed 26 


G. 1. Disturbances 


Present Absent 


Exposed 
Unexposed 


32 


x?=0.01 (N.S. 


Muscle Complaints 


Present Absent 


Exposed 15 


33 


x?=0.12 (N. S.) 
Unexposed 
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Fig. 1.—Mean monthly atmospheric mercury concentration vs 


mean monthly urimary mereurn 
excretion 


‘an monthly cumulative crew exposure vs. mean monthly urinary mercury excretion 


fer 4 
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Fig. 3.—Monthly organic mercury production vs. mean monthly urinary mercury excretion. 


Fig. 4—Mercury excretion rate in urine following withdrawal of workers from exposure. 
Upper left: unbroken line, Case 11; dash line, Case 10; dotted line, Case 2. Upper right: 
unbroken line, Case 3; dash line, Case 14. Lower left: unbroken line, Case 12; long-dash line, 
Case 16; short-dash line, Case 5; dotted line, Case 13. Lower right: unbroken line, Case 3; 
dash line, Case 7. 
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ORGANIC MERCURY 


are presented in Table 3. Significant com- 
plaints of exposed workers did not appear 
to occur with greater frequency than would 
be expected in an unexposed population, 

The 


visual fields, and audiograms failed to re- 


chest) x-rays, electrocardiograms, 


veal significant abnormalities. The clinical 
laboratory examinations (Table 1) 
to the of 
laboratory experience. 


were 


found be within range normal 


The environmental and urinary excretion 
and 3. 


tistical analysis failed to yield any correla- 


data are shown in Figures 1, 2 Sta- 


tion when the monthly excretion was 


compared with the environmental data of 
the same month. 

Further examination suggested two- 
month lag in urinary mercury levels after 
exposure. Statistical analysis on this basis 
revealed a significant quadratic relationship 
between duration of exposure to, and the 


Fig. 5 
left: unbroken line, Case 3; dash line, Case 12 
Case 13. 
Case 11. 


Lower left: unbroken line, Case 14; 
Lower right: unbroken line, Case 2; dash line, Case 10; dotted line, Case 17 


| 


+.02 
| 


urinary excretion of mercury. 
of this 
relationship to exposure duration vs. uri 
This 


bias intro 


But apph 


cation mathematically significant 


nary excretion was unsatisfactory. 
occurred in part as a result of 
duced by subjects eliminated from exposure 
when urinary mercury levels rose. Hence, 
a lack of data at the higher excretion levels 
led to unrealistic curve fitting (see Appen 
dix). 

The excretion of mercury exhibited two 
phases following cessation of exposure. The 
first phase (Fig. 4) showed a slight rise 
in urinary mercury concentration which 
reached a peak level, variable in both mag- 
nitude and time, after exposure ceased. 
Aside from this trend, no statistically sig- 
nificant pattern of excretion was found in 
the immediate postexposure phase. Follow- 


ing the peak level, a second uniformly 


downward trend occurred (Fig. 5). Anal- 


Mercury excretion rate in urine following peak postexposure excretion level. Upper 


Upper right: unbroken line, Case 7; dash line, 
dash line, Case &; unbroken line with crosses, 
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Fig. 6.—Derived urinary mercury curve following peak postexposure excretion level 
a 
I 
re 
= ! 
| 
w 
> c | 
x 6 } 
4 
> 


r Rein 


e 


Oto 10 to 20 2! to 30 311040 50 511060 69+ 
Duration of Exposure (Consecutive Weeks) 


Numb 
Mm 


Duration of exposure before urinary mercury concentration exceeded 0.100 mg. per 


ysis of this excretion phase revealed a line Analysis of the exposure duration before 
of regression (r=0.560) significant at 
greater than the 99° confidence limit 
(p>0.01). This regression line and_ the 
observed data are illustrated by Figure 6. 


the 0.1 mg. of mercury per liter maximum 
limit was exceeded is shown in Figure 7. 
Those persons who may have abnormally 
high mercury absorption rates constituted 
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175 


Mgm.Hg per Liter Urine 


Organo-Hg 
Exposure 


A M 


Fig. 8 


the group reaching the limit in less than 
10. weeks. 
of such a worker is illustrated by Figure &. 
Medical this particular 
group, which failed to reveal any physio- 
logical damage, suggested successful elimi- 
nation 


The urinary mercury excretion 


examination — of 


from exposure before alterations 
occurred, despite their enhanced absorption 
capacity. Such persons were not permitted 
to return to areas of possible organic mer 


cury exposure, 


Comment 


The current suggested threshold limit for 
the organic mercurials ' are largely derived 
from the reports of Lundgren and Swens- 
son? and Ahlmark.*| Their studies, how- 
ever, do not mention analytical techniques. 
Unless adequate precautions are observed, 
kK jeldahl 
techniques can produce significant losses of 
The valid- 


ity of their conclusions is open to question 


and other open-type digestion 


volatile mercury compounds.*™ 


Dinman et al. 


J 
MONTHS 


oF 


Elevated mercury absorption capacity in one worker (No. 12) 


in view of five and one-half years’ safe 
operation under the 1950 threshold limits 
(i. e., O.1 mg. 
a herefore, the 


per cubic meter of air). 


envi- 
ronmental and urimary mercury concentra 


correlations between 
tions, and symptomatology and intoxication 
should be reconsidered. 

In view of the absence of objective clin- 
ical signs and positive laboratory findings, 
subjective symptomatology was considered. 
The questionable value of their nonspecific 
nature (Table 2) was confirmed by the x? 
analysis (Table 3), which failed to reveal 
any significant difference in the occurrence 
of these complaints between exposed and 
unexposed persons. 

The signs and symptoms which the Sean- 
dinavian workers reported at urinary mer- 
cury levels of 0.050 to 0.1 mg. per liter 
could not be confirmed. In view of the 
variations individual urinary mercury 
concentrations, we cannot concur with their 
opinions clinical 


concerning aberrations. 
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Symptoms 
Lose of appetite 
tor breakfast 

No comploints, 
signs or 
Symptoms 


} 


,Stomatites, Neurites 
— GI disorder 


a 


sturbance, lower torso, leg 


onso 


insomnia, multiple complaints 


mg Hg. per Liter of Urine 
omplaints 
arm and neck 


No 


— Sensory di 
Gl upset 
Anorexia 
headache, 


— Neurites 


1:'75 


omplaints 


symptoms 


‘fall asleep 


- Aching, arms and legs 
Leg 


~ Gromns of teqs and back 


complaints 


No 


-— Malaise insomnia 


headaches 
heodoches 


MONTHS 
Worker & 


MONTHS 
Worker 6 


MONTHS 
Worker 1 


MONTHS 
Worker 15 


MONTHS 
Worker 4 


These numbers correspond to those in Table 1, 


Fig. 9 
workers. 


During this study isolated urinary mercury 
concentrations as high as 0.380 mg. per 
liter, and others in the range of 0.2 to 0.33 
mg. per liter were found. Yet signs and 
symptoms suggestive of intoxication did 
not consistently occur at these levels. [In- 
deed, nonspecific complaints occurred at 
random all 
AhlImark?* and Lundgren and Swensson * 


at excretion levels (Fig. 9). 
concur in this nonspecificity of symptoms 
The 


former makes the cogent observation that 


in the early stages of intoxication. 
candidates for employment in mercury op- 
erations should be carefully screened for 
emotional instability. 

An incident affecting three persons in a 
distributor's repackaging plant sheds some 
light upon the question of urinary levels 
consistent with intoxication.2! The worker 
most seriously affected complained of anxi- 
ety, numbness of the fingers and toes, dizzi- 
abdominal pain. Neurological 


ness, and 
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Discordance between urinary mercury levels and signs and svmptoms of exposed 


examination revealed a generalized increase 
in deep tendon reflexes, a strongly positive 
Hoffmann retlex, and bilateral sensory im 
pairment over the distal palm, fingertips, 
and tips of the toes. The urinary mercury 
concentration at the time of this episode 
was 2.25 mg. per liter. Air analyses taken 
six months previously ranged from 16.9 to 
2.9 mg. 


levels at which other investigators *! 


per cubic meter. Therefore, the 
state 
symptoms and signs of organic mercuri 
alism occur is difficult to reconcile with this 
incident, 

The excretion of mercury appeared to 
fHuctuate irregularly. Hence, application of 
excretion data to control 


program re- 


quires careful Review 
of the clinical literature on organic mereu- 
rial diuretics may help explain these erratic 
excretion fluctuations. The study of Wes- 
ton et aJ.*! suggested that urinary mercury 
levels tend to vary through a period of 
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relatively high extraction by the renal tu- 
bules, followed by phases when = urinary 
The 


latter event may represent a period of in- 


excretion exceeds tubular extraction. 


hibition of the tubular enzymatic extraction 
Seibert, Cook *° 


demonstrated that mercury-thiol groups are 


mechanism, Kreke, and 
capable of inhibiting cytochrome oxidase, 
which could account for decreased extrac- 
tion and increased urinary excretion of 
mercury. vivo, 


enzyme regeneration 


could subsequently increase extraction, 
which would produce an apparent fall in 
mercury excretion, A combination of these 
mechanisms occurring various phases 
throughout the renal parenchyma may ac- 
count for irregular urinary excretion of 
mercury, 


The 


confirms 


mode of excretion found here 
the the 


indicate that mercury is excreted over a pro- 


results of studies which 


longed period.*:2+.2¢ Excretion after eXpo- 
sure increased irregularly to a maximum 
before decreasing in a regular manner. The 
duration of these immediate postexposure 
periods and the peaks are highly individ- 
ualized functions (Fig. 4). 


peak 


excretion 


After a 


reached, 


level ts 
the 
expected hyperbolic curve with statistically 
This 


could be used to predict the time necessary 


postexposure 
appears to follow 


significant frequency. regression 
to return to an acceptable urinary mercury 
level. However, this relationship is strictly 
valid only for statistical averages. The ex- 
cretion curve of any given individual flue- 
tuates in a somewhat less regular manner 
(Figs. 4 and 5). The excretion curves of 
Lundgren and Swensson* appear to be 
more regular than presented here; however, 
seven of their eight curves are constructed 
on only two or three points. The irregu- 
larity of individual curves is revealed by 
plotting multiple points. 

Curves correlating excretory envi- 
ronmental data can be valid only within the 
limitations imposed by irregular mercury 
excretion and the uncertainties of environ 
Validity of 


mental 


quantitation. atmos 


Dinman et al 


pheric extended 


sampling 


analyses over 
periods as a measure of exposure to sever 
ity remains unsettled.* Failure to develop 
a Statistical correlation between atmospheric 
mereury concentrations and urinary excre 
tion in the current study confirms the im 
adequacy of this approach. 

Ixqually important is recognition that the 
respiratory portal of entry is but one source 
Percuta 


of organic mercury absorption. 


neous body loading must be considered 


even at noncorrosive skin concentrations.*‘ 
Quantitative evaluation of this route under 
field conditions is not available. An attempt 
to relate skin absorption to monthly organic 
mercury production rate was not. statisti 
cally conclusive. 


Indication of statistically significant 
relationship between exposure duration and 
urinary excretion under critical evaluation 
disclosed a nonlinear relationship which 
alone did not justify application to feld 
control. A direct relationship could be dem 
onstrated only in correlating duration of 
exposure with high urinary concentrations 
observed two months later. In addition, the 
irregularity of the immediate postexposure 
excretion curves which reflect individual 
variations in mercury absorption rates and 
excretion introduces essentially random de 
viations which further complicate applica 
the field situation. 


After mathematical manipulation permitted 


tion of these data to 
the deprived quadratic regression to pass 
through the origin of the axes of reference, 

rather unusual con 
the 


this curve assumed a 


figuration. Though usual curve ex 


pressing excretion varies directly with time 
as a hyperbolic function, this parabolic re- 


lationship is not unknown. A similar 


regression was derived by Ashe and associ 


ates ** in their experimental study of inor 


ganic mercury excretion. It is of interest to 


note that their data were associated with 


more intense exposure and = higher uri 


nary mercury concentrations. Furthermore, 
though their excretion data were associated 
with tissue damage, the order of magnitude 


of exposure and urinary concentration was 
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approximately 100-fold higher than found 
here. This suggests that this unusual mode 
of excretion is not necessarily a function 
of exposure intensity, but rather a_retlec- 
tion of the renal excretory mechanism 
peculiar to mercury. 

Since only one variable, time, involved in 
total absorption yielded some significant 


correlation, strict application of atmos- 
pheric threshold limits could not be justi- 
fied as the total environmental quantitation. 

Any operator excreting more than. 0.050 
mg. of mercury per liter of urine was 
placed on a “watch list” which required 
Excretion above 


0.100 mg. was followed by removal from 


weekly urine analysis. 


the area of exposure. Mercury concentra- 
tions were determined weekly until two 
consecutive results below 0.050 mg. were 
obtained. Only then was the man allowed 
to return to the work area. All workers 
received not only bimonthly and = annual 
physical examinations, but also a_ health 
review for symptoms of organic mercury 
intoxication whenever urine was collected. 
Operation for 66 months under these con- 
trols failed to reveal even minimal chemical 
intoxication. All men who exhibited un- 
usual mercury absorption from work habits 
and/or constitutional factors were detected 
and removed from exposure before damage 
occurred, 

This health control program for exposure 
control in the manufacture of a highly toxic 
organic mercurial has been adequate for 
industrial needs. The occurrence of high 
atmospheric mercury levels served as indi 
cations by which exposure severity could be 
indirectly estimated. However, atmospheric 
control is not alone the ultimate measure 
which will ensure healthy working condi- 
tions. Man himself serves as the ultimate 
sampler of the atmosphere in which he is 


ex] yosed., 


Summary 
Twenty men exposed over a period of six 
years to mercury in air over 0.01 mg. per 
meter but less than 0.1 mg. per meter in 
the course of organic mercurials§ manu- 
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facture complained only of symptoms of 
a nonspecific nature. Physical examination 
and clinical laboratory studies failed to re- 
veal any evidence of pathological altera- 
tions among the men exposed. 

Previous toxicological reports concern- 
ing exposure to the organic mercurials do 
not describe analytical procedures. In view 
of reported high losses of mercury by any 
but the most careful analytical techniques, 
low mercury recoveries from biological ma- 
terials and air samples could have been 
rep 

The excretion of mercury is irregular 
and individualized following termination of 
exposure. After a postexposure peak, the 
excretion of mercury declines over a_ sta- 
tistically significant hyperbolic curve. 

Cumulative exposure duration indicated 
significant statistical correlation with’ uri- 
nary excretion two months after exposure. 
Air-borne mercury quantitation expressed 
inadequately but one of the portals of entry 
for organic mercury. 

An effective health control program for 
control of exposure to organic mercury is 
described. The limited value of atmos- 
pheric threshold limits in such an approach 


is discussed, 


Appendix: Statistical Analysis 


The mean monthly mercury excretion over a 66 
month period was analyzed to ascertain a possible 
relationship between this function and the monthly 
organic mercury production rate, the mean monthly 
atmospheric mercury concentration in the work 
area, and the mean monthly cumulative duration of 
crew exposure. The data did not fit the linear 
model : 


bars 


Y= Monthly mean mercury excretion (mg/liter 
urine). 

4i=Monthly production of organic mercury 
(Ib.). 

x2—= Monthly mean cumulative length of ex- 


posure of crew (weeks). 


ba 


» = Monthly mean atmospheric concentration of 
mercury (mg/M*). 

The mercury excretion data were advanced two 
months to compensate for a possible time lag be 
tween exposure and excretion. Again, the above 
linear form did not yield a significant fit to the 
data. 
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\n attempt to fit the data to the quadratic model 
Y =bot+hieitber it's 
yielded no significant correlation. However, when 
the excretion data advanced 


were two months, a 


significant 


The 


tabulated below: 


regression was found 


analysis of variance of this regression ts 


ANOVA 

Sums of Mean 
Squares Squares } 
17.5111 17.5111 


Source 
Mean 
Regression 

(Total) 

Linear 

Quadratic 
Error 
Total 


Ratio 


analysis indicated 


This length of 
tributed by far the greatest weight to the equation 


service con 


The data were then analyzed, using only length 
of service as an independent 
model takes the form 


analysis of 


variable; thus, the 


+ 
The 


tabulated below : 


variance of this regression is 


ANOVA 

Source ‘ Sums of Squares 
Mean 17 
Reyression 5396 
Error 
Potal 


Mean Squares 


0.7698 


246, 0.0383 


The error term in this analysis of variance is not 


significantly larger than 


found in the analysis of 


variance using all three functions 


Therefore, the 


Fig. 10 


Cumulotive Weeks of Service 


| 


— 


quadratic equation, using length of service alone, 
would be as good for predicting mercury excretion 
The estimated relationship between mercury ex 
length of 


Data derived 


cretion vs service 1s 

0.00354524.V 2+ 0.000056937 \ 
from this and the 
(Fig. 10) 


ht the data relatively well, the estimated 


study stimated 


curve were plotted together Though 
the curve 
curve does not appear to be in agreement with usual 


modes of excretion. A second curve was altered 


to pass through the 


origin on the same mathe 


matical model, i. ¢., zero mercury excretion prior to 
exposure. The same criticism of the preceding plot 
applied to this curve 


The following limitations were noted 


l. The length of service data vields no point, for 
any one month, of less than 6.8 weeks. The curve 
cannot be extrapolated downward from this lowest 
point; at O weeks service, urinary mercury concen 
tration would equal 0.095 mg/liter 


2. The mercury excretion data appears biased by 


cessation of exposure when an individual's mercury 
excretion exceeded 0.10 mg/liter of urine 
tore, the 


There- 


monthly average urinary excretion has a 


controlled maximum limit 
3. There were two monthly mean urinary con- 
centrations significantly higher than all other points, 


which strongly influenced the analysis of variance 


The two conclusions drawn from this data are 
follows 


as 


Least squares regression curves 


Y= 0.095202! - 0.00354524X2 + 0000056937 x,? 


+ 


DERIVED 
OBSERVED 


Urinary 


Dinman et 


08 


Mercury Concentration, Mg/L. 


iis 
9 1.8431 
0.1772 0.0591 
6 1.6659 0.2777 7.37 
51 1.9211 0.0377 = 
ol 21.2753 
(6 
' 
| 
| | | 
| 
| 
| 
= 
. | 
| 
| 
| | | 
01 02 03 04 05 06 09 12 
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1. The linear equation, using all three variables, 
does not significantly fit the data. 

2. A second order curve fits the data and in- 
dicates a relationship between length of service and 
urinary mercury excretion. This conclusion is not 
definite, based on limitations of the data. 

Individual Mercury Excretion Analyses —The 
mercury excretion curves of 11 workers were stud- 
ied for a consistent pattern in urinary mercury 
levels after termination of exposure. Starting from 
the peak mercury concentration following exposure 
termination (estimated from the individual plots), 


the excretion curves followed a curve of the form: 


141633 T 
Yo 
Where } estimated urimary mercury concentra: 
tion. 
},= level of mercury excretion in mg/liter 


at peak postexposure level. 
T = elapsed time in weeks since the peak 
postexposure level. 

The excretion rate was approximately the same 
for all cases after the peak postexposure level is 
attained. The “peak postexposure level” referred 
to above is an arbitrary figure, and the fit of the 


data to the curves could be improved if a least 
squares estimate of this “peak” were used. 
A. J. Fleming, M.D.; J. A. Zapp, Ph.D.; J. M 


Wetherhold, M.D., and R. C. Charsha, M.S., gave 
aid and advice in this study. The statistical analysis 
was aided by H. C. Harris, Ph.D., and R. E. 
Colgate, B.A. 

Department of Preventive Medicine, The College 
of Medicine, Ohio State University. 
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Detection of Uterine Cancer in Industry 


BRITA McLEAN, M.D.; FRANK G. TALBOT, M.D., and WILLIAM JEND Jr., M.D., Detroit 


In April, 1957, a test 
uterine cancer was made available to women 
employees of the Michigan Bell Telephone 


Company. The tampon method of obtaining 


screening for 


material for cytological examination was 
selected because of its simplicity, accuracy,! 
and participant acceptability? Furthermore, 
because the employees of a large telephone 
company work in relatively small groups in 
widely scattered locations, the “collect it 
yourself” type of test could be carried out 
with the help of visiting nurses with min- 


imum normal 


interference with company 
operations. The Michigan Bell Telephone 
Company employs 15,000 women, and, on 
the basis of the findings of Nieburgs et al.," 
might anticipate 30 new cases of uterine 
malignancy among its employees each year. 
The importance of routine cervical smears 
for the detection of early and unsuspected 
uterine cancer was clearly established in 
lloyd County, Georgia, where these investi- 
gators found an over-all prevalence rate of 
1000 and an 


rate of 1.8 new cases per 1000 women per 


4.2 per estimated incidence 
vear. 
In order to have all supervisors fully in 


formed and obtain their cooperation, a meet 


Received for publication Dec. 12, 1957 


From the Medical Department of the Michigan 
Bell Telephone Company 


Wayne 


through a 


State University 
from the U. S. 


conducting a 


School of Medicine, 
Public Health 


screening survey 


grant 
Service for mass 
and a cytotechnicians training program, supplied 
the materials and cytopathological reports 
Osborne A Brines, M.D.; E. R M.D., 
and Harry M. Nelson, M.D. assisted in planning 
this program, and Esther Dale, M.D., and Frank 
Help 
in carrying out the test was given by our visiting 
staff Walli, 
Kaariainen, Sarah 


Jennings, 


Kurs, M.D., made the cytological studies 


nurse Bernice Harvey, Lorraine 


Sylvia Suzanne Russow, and 


Bertrand. 


ing was held at the 


Medical Department discussed with per 


which members of 
sonnel representatives of the different de 
partments of the Company the various 
aspects of this program. A round-table type 
of discussion meeting was employed so that 
all questions could be discussed informally 
and completely, After this meeting, these 
personnel representatives passed on this in 
formation and printed material to all female 
employees through the regular lines of or 
ganization of the Company. 

An appointment for the test with medical 
personnel could be made either directly by 
the employee or through her supervisor. 
Supervisors frequently arranged for small 
groups of not more than 10 at one time to 
come to the Medical Department for the test 
In the main Medical Department, appoint 
ments were handled by a special secretary. 
In the various telephone buildings scattered 
throughout metropolitan Detroit, the Com- 
pany visiting nurses made their own sched- 
ules for contacting employees who wished 
to participate in the test. 

Onee an had 


established, the employee or supervisor was 


appointment time been 
sent, through the Company mail, an en 
velope containing a simple instruction sheet, 
a Draghi detection tampon, a U.S. Public 
Health No. PHS-1819-9 to 
be filled out for the Wayne State University 
School of Medicine Screening Survey, and 


Service Form 


a very brief form to be filled out for our 
own files. The employee was instructed to 
insert the tampon two to four hours before 
her appointment. At the scheduled time, a 
nurse or doctor checked the forms with the 
employee to see that they were properly 
filled out and then reviewed the technique 
of preparing the smear. Then, in the privacy 


of one of the examining rooms, the em 
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ployee removed the tampon, made the smear, 
and placed the glass slide in a jar of fixative. 
Only about 15 minutes away from the job 
was found to be necessary to complete the 
test. Smears were allowed to remain in the 
ether-alcohol fixative overnight, then dried, 
packed slide boxes, and sent to the 
Cytology Laboratory of the Wayne State 
University School of Medicine, where they 
were read. 

After the reports were received from the 
laboratory, employees whose smears were 
negative were sent a personal letter stating 
the results of their test. In order to insure 
privacy, all correspondence was sent to their 
homes. If the smear was unsatisfactory, 
the employee was advised of this by mail 
and urged to make an appointment for 
another smear. However, if the test results 
showed that the cytology was either atypical, 
suspicious, or positive, the employee was 
personally contacted by telephone, either at 
her home or place of employment, and re- 
quested to come to the main Medical De- 
partment. The arrangements for this 
interview were handled by the special secre- 
tary. At this consultation the employee was 
informed by a physician that her smear con- 
tained some abnormal cells and that addi- 
tional studies were indicated. — Every 
precaution was taken not to unduly alarm the 
employee, and an interview of this type 
usually lasted about half an hour. 

Direct cervical and vaginal smears as well 
as pelvic examinations were done on all but 
three of the women whose smears showed 
pathology. These were performed either 
by a Medical Department staff physician or 
by the employee's personal physician, ac- 
cotding to her preference. If any pathology 
was found on pelvic examination or the 
smear was reported as either suspicious or 
positive for malignancy, this information 
was turned over immediately to the em- 
ployee’s personal physician. A_ follow-up 
report, together with a patholgical diagno- 
sis, was obtained in each completed case. If 
the smear was atypical and pelvic examina- 
tion normal, the employee was advised to 
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await the results of the direct cervical and 
Vaginal smears. 

Only six of our employees had to have 
assistance in inserting the standard size 
cancer-detection tampon. None of the smal 
ler-size tampons were used in this study. 
It is possible, however, that tampon size 
may have been a factor in the cases in which 
no smear was completed by an employee 
receiving a kit. Follow-up questionnaires 
will be sent to this group to determine the 
reason for their nonparticipation will 
be reported at a later date. 

The first 1851 tampon smears were made 
by the back-and-forth or “paint brush” 
method used by Cloud.* When 14.2% of the 
smears prepared by this method were found 
to be unsatisfactory, the steps in preparing 
the smears were carefully reviewed and it 
was decided that the roll-and-daub— tech- 
nique should be tried. Therefore, for the 
remaining 594 tests we have had the patient 
roll the tampon across the slide in order to 
get a representative sample from the vaginal 
pool and then daub the moist end of the 
tampon three times across the unlabeled 
end. This procedure has apparently resulted 
in a reduction in the percentage of faulty 
smears to 8.2%. All but 22 of the un 
satisfactory smears have been repeated. 
Kight of those who repeated the test had 
smears Of such poor quality that they could 
not be read. These eight persons will be 
requested to come to the Medical Depart- 
ment for direct cervical and vaginal smears. 

During the first five months of the pro- 
gram, 2445 employees performed the test. 
The results are as follows: 2371 negative 
and 44 pathological smears. Results are not 
available on 30. Trichomonads were present 
in 39 of the otherwise normal smears, and 
those patients were told of this incidental 
finding in their letter. There were a total 
of 312 smears that could not be read, either 
because there were too few cells present on 
the slide or because the cells had been dis 
torted by undue pressure upon the tampon. 

The 44 cases listed in the Table had 


abnormal cytological smears. Listed in the 
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DETECTION OF UTERINE CANCER IN INDUSTR) 


Case Data and Final Reports on Smears 


Patient Marital 


No. Smear , Status Additional Studies Final Report 


Atypical 3H N Married Cervical biopsy and Polypoid endocery 


D & C by persona 


physician 


Married t smear by Class | 
Atrophy 


Negative 


Cervical t lopsy and 


ID & C by persona 


ious d i a rvical biopsy by Negative 
personal physician 


Cervical and vaginal Negative 
smear by M.B.T.Co 
Medical Dept 


Cervical biopsy and Ulcerative cerviciti 
D & C by persona with squamous 


metaplasia 


Stucdlies 
Cervieal biopsy and Endocervical and 


D&C by personal endometrial polyps 
poly} 


Cervical biopsy and Chronic cerviciti 
D & C by personal 


in 


ind vagin 
mear by M.B.T.Co 
Medical Dept 


Cervical and vaginal 
smear by M.B.T.Co 
Medical Dept 


‘ervical and vaginal Negative 
smear by M.B.T.Co 
Medical Dept 


Cervical and vaginal Negative 
smear by M.B.T.Co 
Medical Dept 


Atypical y Divorced Cervical biopsy and Cervical polyp 
D & C by personal 
physician 


Atypical Married 20-2 Cervical biopsy and Negative 
D & C by personal 
physician 


VclLean et al 


— 
Reported as Pathologica 
3 Atypical W Widow oon Cervieal smear by 
personal physician 
4 Atypical W Single ooo Cervical smear by Negative 
*M.B.T¢ Medica 
Dept 
Atypical Married 30-4 Cervical and vagin Negative 
mear by M.B.T.Co 
Medical Dept 
Atypical W Married 24-2 Cervical biopsy by Cervical polyp 
personal physician is 
phys ! 
physician 
it Atypical 53 W Married 0-0 Refused additional 
phy n 
15 Atypical 3s W | 
In Atypical 44 Married 11-0 
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Patient No. Smear 


Age 
2 Suspicious 37 
21 Atypical 26 
22 Atypical 
23 Atypical 49 
24 Atypical 50 
25 Positive 25 
26 Unsatisfactory 49 

Positive 

27 Atypical 27 
Atypical 61 
2 Positive 48 
3% Atypical 22 
31 Atypical 31 
32 Positive 34 


Race 


Ww 


Ww 


Ww 


Ww 


Ww 


Marital 
Status 


Married 


Divorced 


Widow 


Separated 


Single 


Married 


Married 


Married 


Single 


Married 


Married 


Single 


Married 


A. 


Parity 


1+)-3 


1-1-0 


3-0-3 


O44) 


1+-1 


1-1 


0-0-0 


0-0-0 


1-1-0 


Additional Studies 


Cervical and vaginal 
smear by M.B.T.Co. 
Medical Dept. 


Cervical and vaginal 
smear by personal 
physician 


Cervical smear by 
M.B.T.Co. Medical 
Dept. 


Conization biopsy 
by personal physician 


Cervical and vaginal 
smear by M.B.T.Co. 
Medical Dept. 


Cervical smear and 
biopsy by personal 
physician 


Cervical and vaginal 
smear by M.B.T.Co. 
Medical Dept. 


Refused additional 
studies 


Cervical smear by 
M.B.T.Co. Medical 
Dept. 


Cervical biopsy by 
personal physician 


Cervical biopsy and 
D & C by personal 
physician 


Cervical smear by 
M.B.T.Co. Medical 
Dept. 


4 quadrant biopsy 
by personal physician 


No response to 
letters 


Cold cone biopsy by 
personal physician 


Cervical smear by 
M.B.T.Co. Medical 
Dept. 


Cervical biopsy by 
personal physician 


Cervical biopsy by 
personal physician 


Cervical and vaginal 
smear by M.B.T.Co,. 
Medical Dept. 


Cervical biopsy by 
personal physician 
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Case Data and Final Reports on Smears Initially Reported as Pathological—Continued 


Final Report 


Negative 


Negative 


Positive 


Squamous-cell 
Ca. of cervix 
in situ 


Suspicious cells 


Atypical 
hyperplasia 


Negative 


Positive 


Squamous-cell 
Ca. of cervix, 
invasive 
Squamous-cell 
Ca. of cervix, 


in situ 


Negative 


Some metaplasia 


Atypical epithelial 
hyperplasia, possible 
Ca. in situ 


Suspicious 


Severe atypical 
hyperplasia, 
early Ca. in situ 


Chronic cervicitis 


Positive 


Invasive squamous- 
cell Ca. of cervix 
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Case Data and Final Reports on Smears Initially Reported as Pathological—Continued 


Patient Marital 


No. Smear Age Race Status Parity Additional Studies Final Report 


33 Unsatisfactory 57 Ww Married O00 Cervical and vaginal Negative 
Atypical smear by M.B.T.Co 
Medical Dept. 


Atypical 25 Ww Divorced 2-2 Cervical and vaginal Negative 
smear by M.B.T.Co. 
Medical Dept 


Unsatisfactory 23 Ww Single OO” Cervical and vaginal Negative 
Atypical smear by M.B.T.Co. 
Medical Dept. 


Unsatisfactory 56 Ww Married 7-0-7 Cervical and vaginal Negative 
Atypical smear by M.B.T.Co. 
Medical Dept. 


Suspicious 


Widow Cervical and vaginal 
smear by M.B.T.Co 


Medical Dept 


Highly suspicious 


Consulted personal 


physician 


Atypical Widow 


Repeated cervical Atypical 
and vaginal smear 
by M.B.T.Co. Medical 


Dept. 


Positive 


Widow Cervical and vaginal 
smear by M.B.T.Co 


Medical Dept. 


Suspicious 


Cervical biopsy and 
LD & C by personal 
physician 


Negative 


Atypical 61 Ww Widow 0-0-0 Repeated cervical Atypical 
and vaginal smear 
by M.B.T.Co. Medical 

Dept. 


Atypical 7 Ww Married 340-3 Cervical and vaginal 
smear by M.B.T.Co. 
Medical Dept. 


Atypical 45 Ww Married O40 Cervical and vaginal 
smear by M.B.T.Co. 
Medical Dept. 


Atypical 


Married O00 Cervical and vaginal 
smear by M.B.T.Co. 
Medical Dept. 


Conization biopsy and Chronic endocervicitis 
D & C by personal with erosion 
physician 


Unsatisfactory Single OO” Cervical and vaginal 
Positive smear by M.B.T.Co; 
Medical Dept. 


Cold cone biopsy, Mild atypical 
by personal physician hyperplasia 


* Michigan Bell Telephone Company. 


McLean et at. 
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A. 


order in which the patients participated in 
the screening program, the following data 
are supplied on each patient: results of 
their first satisfactory tampon smear, age, 
race, marital status, parity, additional studies, 
and final report. There were 35 atypical, 3 
suspicious, and 6 positive smears in the 
group. live of these patients had to repeat 
their smears because the first one was un 
satisfactory, There are now 37 completed 
cases, + to be who 


completed, 2 women 


refuse additional studies, and 1 whom we 
have been unable to contact by mail, as she 
is now retired and living in another state. 

There was no suggestion of malignancy 
in 32 of the atypical smears, but there were 
9 cases in this group where minor gyneco 
These 
Pa 


tient 21, who is 26 years old, had an atypical 


logical disturbances were present. 


have been corrected where indicated. 


tampon smear. A month later a_ direct 
cervical smear was positive, and the cold 
cone cervical biopsy showed squamous-cell 
carcinoma in situ. She subsequently had a 


total hysterectomy. Patient 22, age 51, is 
being carefully watched by her personal phy- 
sician and will have another cervical biopsy 
soon. Patient 30 is a 22-year-old woman 
who has just recently been married and who 
refuses any therapy that jeopardizes her 
chances of having a family. Repeated direct 
cervical and vaginal smears on patients 38 
and 40 at our clinic continue to show the 
presence of atypical cells. 

Subsequent the 


three suspicious cases negative. Patient 37 


studies proved two of 


plans to be hospitalized soon for a coniza 
tion type cervical biopsy and a dilatation and 
curettage. 

Of the six positive initial tampon smears, 
three have been confirmed. Patient 25 is the 
only one in our study who had had any 
symptoms referable to her pelvis. For the 
past had 
spotting, especially after intercourse. Her 


year she noticed intermenstrual 
cervical biopsy revealed invasive squamous- 
cell carcinoma, and she is now undergoing 
Patient 26 had 


a cervical polyp removed just six months 


x-ray and radium therapy. 
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A. ARCHIVES OF INDUSTRIAL HEALTH 


prior to her tampon test. Her carcinoma 
Was preinvasive, and she has had a total 
hysterectomy. Patient had invasive 
squamous-cell carcinoma of the cervix, She 
had in addition an adenocarcinoma of the 
left breast, which was found on routine 
physical examination. Both malignancies 


were asymptomatic, and she is now under 
going radiation therapy for the carcinoma 
39, 14 have 


of the cervix. Patients 2 and 
suspicious 


not been confirmed but are 
enough to warrant repeat biopsies in. three 
of the con 
25, 26, 34, 


26, 
and 48 vears, the fact that carcinoma of the 


to six months, Since the ages 


firmed positive cases were 22, 
cervix occurs not only in women 
40's but in women of all ages is emphasized 
This in turn points to the need to extend the 
opportunity of participating in a screening 
program of this type to women of all ages 

Cytopathology has been found in approx 
imately 2 of our 2415 completed tampon 
smears, Subsequent studies indicated that 
29 of these 44 women do not have cancet 
at the present time, although other patholog 
ical conditions which necessitated corrective 
treatment were noted nine— instances 
However, five confirmed and two highly 
probable cases of carcinoma of the cervix 
have been found, paralleling very closely the 
reported incidence rate expected, based on 
the None these 


women, with one exception, had planned to 


direct smear method." of 
consult a physician for a gynecological ex 
amination, All patients will now be closely 
followed and have direct cervical and va 
ginal smears as well as pelvic examinations 
every three to six months. 

In addition to the cases already discussed, 
there were two women with previously diag 
nosed uterine malignancy who took the tam 
soth 


of these 


pon test. smears Were 
reported as positive, 
Comment 


In an era of increasing emphasis on pre 
ventive medicine, the use of screening tech 
niques suitable for large groups of people 
is of great importance. The Papanicolaou 
method of cytological testing and examina 
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tion is now widely and enthusiastically ac 
cepted. However, the usual direct) vaginal 
smear, because it necessitates the presence 
of skilled trained personnel to obtain 
the sample and because of the lack of par 
heipation of large numbers of women in 
periodic pelvic examinations, has tended to 
limit the use of the Papanicolaou techniques 
in this type of malignancy. With the de 
velopment of a detection tampon by Dr. 
Andre Draghi, a simplified test applicable 
to large groups of women became available 
for the detection of cancer of the uterus. 
We are evaluating the use of this particular 
type of cancer detection test in a large in 
dustrial organization. We hope to make this 
cytological screening test a permanent. part 
ef our medical program and will encourage 
our employees to have it at least once a vear. 

On the basis of the covered in 
that the 
test has been acceptable, practical, and ef 


results 


this preliminary report, we find 


fective. It was felt, therefore, that a pre 
liminary report should be made at this time 


to encourage other industrial groups to in 
vestigate the possibility of offering this test 
to their female employees. If the incidence 
rate obtained so far is maintained, the pro 


the direct 


effective as 


edure Is as smear 


he held Nov 


18-20, 1958, at the 


Air pollution is becoming increasingly serious 


add to the volume ot pollutants discharged into the { 


rounds us 


bodies as well as trom industries and 


News and Comment 
ANNOUNCEMENTS 


National Conference on Air Pollution.— 


Sheraton-Park 


voluntary 


and can be administered with a minimum 
of time off the job and with a minimum ot 


professional supervision and help. 


Summary and Conclusion 

A preliminary report of the first 2445 
tampon smears undertaken in a typical in 
dustrial organization has indicated the ef 
fectiveness and applicability of this method 
of cancer detection. live new cases of 
uterine malignaney were discovered. In ad 
dition, much other pathology was revealed. 
No serious problems were encountered in 
conducting the tests, and the procedure ap 
pears to be a very worth-while addition to 
health 


Mass-screening techniques, 


routine prophylactic measures or 
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National Conterence on Att 
Hotel, Washington, D. C 


is population growth and industrial expansion 


ar-from-limitless ocean of air that sur 


Although the problem has recently received considerable attention from governmental 


rganizations, there has been no opportunity 


for representatives of all these groups to meet together to assess their progress and to develop a 


coordinated plan for future action 


The purpose of the Conference is to meet this need 


of air pollution are invited to attend 


\ll persons interested in the problems 
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Rats to Endrin 


A potential health hazard has long been 
known to exist in regard to exposure to 
chlorinated hydrocarbon insecticides. Elec- 
troencephalographic changes and convulsions 
have been reported after exposure to these 
substances. The present study was directed 
toward the investigation of two problems: 
Can electroencephalograms be used as an 
indication of a toxic exposure, and, once 
changes occur, does the EEG return to nor- 
mal when the exposure is terminated ? 


Methods 


White rats, male, 6 months old, of an inbred 
Sprague-Dawley strain were used. They had been 
fed ad lib. on a diet of Purina Lab Chow sup- 
plemented by oats and fresh lettuce. Groups of 
8 to 12 rats were used for each single-dose experi- 
ment, while groups containing 20 to 60 animals 
were used for each repeated-dose experiment. The 
single doses of endrin ranged from 20-80 mg/kg. 
The repeated doses used were 0.8, 1.7, 3.5 mg/kg. 
Technical grade of endrin was used throughout.* 
These doses of endrin were dissolved in peanut 
oil in such volume that the dose per 100 gm. of 
body weight was dissolved in 0.2 cc. oil. Com- 
parable volumes of oil were fed to control animals 
and found not to produce any signs suggestive of 
excessive oil in the diet. All doses were given 
orally by means of a metal feeding tube attached 
to an insulin syringe. It was found that it was 
unnecessary to force feed the animals since they 
held the feeding tube with their forefeet and 
drank the solution readily. The repeated doses 
were given at 10 a. m. daily, five days a week. 

EEG recordings were made, using a previously 
reported technique." Four phonograph needle 


Submitted for publication Jan. 30, 1958. 

Department of Physiology, University of Colo- 
rado School of Medicine. 

This investigation was supported by grants from 
the Shell Chemical Corporation. 

* Technical grade endrin was supplied by the 
Shell Chemical Corporation. 
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The Effects of Chronic and Acute Exposure of 


LOUISE B. SPECK, Ph.D., and CLARENCE A. MAASKE, Ph.D., Denver, Colo. 


electrodes, insulated to the tip, were placed in the 
skull of the rat at the beginning of each experi- 
ment so that they formed a square approximately 
1 cm. on a side. The frontal pair was placed on 
a line with the outer corner of the palpebral fissure 
The occipital pair was placed on a line with the 
external auditory meatus. A fifth electrode was 
placed posterior to the ears over the cerebellum 
The latter was not an indifferent lead, and was 
used only as a reference. The exact location of 
the electrodes was checked at autopsy. The rat 
was allowed to recover from the procaine anesthesia 
used to insert the electrodes before recordings were 
started. The animals survived indefinitely after 
the procedure. 

The recording instrument was a Grass eight 
channel electroencephalograph. The first four 
channels were occupied by the recordings from the 
four electrodes to the common lead over the cere- 
bellum. The next two channels were used for 
bipolar recordings of the anterior and posterior 
pairs of electrodes. The seventh channel was used 
for recording respiration by means of a pneumo- 
graph and an unbonded 0.2 p. s. i. strain gauge. The 
eighth channel was reserved for a simultaneous 
recording of the electroencephalogram, using a 
combination of the right frontal electrode and an 
additional electrode inserted in the tail. The ap 
paratus and the rat were placed in a screen cage 
which was grounded to the instrument. 

The standard EEG filter, regular paper speed, 
and an amplification at which 50yv. caused a 3 mm 
deflection of the pen was used. The EEG was 
analyzed by visual inspection with the help of a 
transparent gauge. Recordings were continued for 
two hours after administration of endrin. Samples 
were taken of at least two minutes’ duration at 
five-minute intervals. 

Threshold to convulsion was tested by auditory 
stimuli (jangling of keys outside the cage). Obser 
vations were made concerning the appearance of 
the animals and their behavior. Autopsies were 
made on all animals. Sections were made of the 
livers of some of the animals from each group, 
using Gomori’s trichrome process.’ Plasma specific 
gravity was determined by the falling-drop method." 


: 


CHRONIC AND ACUTE EXPOSURE OF RATS TO ENDRIN 


Results 


The oral LDs5 9 of endrin for 6-month-old 
male rats was found to be 40 mg/kg. This 
figure is in agreement with the LDg5o re- 
ported.* The animals in our study showed 
signs when exposed to multiple doses of 3.5 
mg/kg. (15 parts of endrin per million of 
food eaten). Treon et al.* found that 22 
ppm of food fed to the rats was necessary 
to show effects in the chronic experiment. 
The difference is probably due to the fact 
that chlorinated hydrocarbons given in oil 
are much more readily absorbed and there- 
fore have an increased toxicity. 

Gross examination at autopsy showed that 
the animals given high acute doses had 
reddened viscera, contracted spleens, lung 
congestion, red livers, and bright red blood. 
Animals given multiple 3.5 mg/kg. doses 
appeared normal when examined after two 
weeks’ exposure. After three months and 
up to the maximum tolerated exposure at 
seven, months, there was a progressive de- 
crease in color and an increase of spottiness 
of the liver, while spleens, blood, and lungs 
appeared to be normal. Animals receiving 
endrin for one week showed the red liver 


per cent of dead 


om ro dye in choroid ples 


and blood and contracted spleen seen in the 
acute animals, but to a decreased degree. 
In other words, the animals given the 
chronic dose for a short time had the appear- 
ance of the acute animals, but not as severe. 
The slides showed that the chronic animals 
were developing zones of basophilic cells 
around the central and portal veins, which 
were seen occasionally as early as seven 


days and increased in severity and incidence 


as exposure was increased. The livers of 
the 


change microscopically. 


discernible 
the 
after three 


acute animals showed no 
The livers of 
animals removed from endrin 
months’ exposure were not normal after 11 
weeks, although the blood specific gravity 
and threshold to audiogenic convulsion had 
returned to normal. 

There was a latent period of 45-60 min 
utes before the appearance of convulsions, 
regardless of the size of an effective single 
dose. Deaths occurred during the first 24 
hours after the acute doses were given and 
during the first week of repeated administra- 
tion, the number of deaths being dose-de- 
After this the death rates leveled 


off in both instances. At approximately 72 


pendent. 


80 


100 


time on hours 


Fig. 1. 
of endrin; 2 cc. of 1% trypan blue. 


Speck—Maaske 


Effect of trypan blue on survival time. Doses were as follows: 


50 mg. per kilogram 


sury ved] 

60 we 

6 | 

4 
20 | 
Treated 30 rats 

= 

20 an 

60 : 

120 140 
160 
180 200 
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hours the animals exposed to a single high 
dose would die. The number of the deaths 
depended on the size of the dose. At the 
seventh month of repeated exposures to 3 
mg/kg. there was a dramatic upsurge in the 
death rate. The time of onset for the sec- 
ond group of deaths appeared to be dose 
dependent for all the multiple doses tested. 


Pentobarbital stopped the convulsions in 
the acute animals but did not prevent. the 
delayed deaths. Trypan blue injection 
blocked the first group of deaths and con 


vulsions but did not 


prevent the second 


group of deaths (Fig. 1). No convulsions 
Were seen in any animals with the choroid 


plexus stained blue from the dye. 


A. ARCHIVES OF INDUSTRIAL HEALTH 


eG recordings made after the high acute 
dose of endrin showed irregular slowing, 
some irregular spikes, and frequent convul- 
sive discharges. Convulsions were apt. to 
be set off by auditory stimuli and touch, 
The convulsions were severe and of a clonic 
type similar to those seen after administra- 
tion of camphor. The righting reflex was 
not abolished during the convulsion unless 


the attack animals 


was terminal. Some 
survived repeated severe attacks and showed 
catatomic behavior for 30 minutes after- 
wards, The respiration and heart rate was 
irregular, 

Ih changes were minimal in the chronic 


groups. Some irregular slow wave activity 


control 


7 days-no convulsion 


f 


3 mos. -not withdrawn 


f 


7 mos. -oil 


? 


' 


7 days-convulsion 


3mos.-7 wks. withdrawn 


7 mos.- Endrin 


Fig. 2—Effects of repeated exposure to endrin (3.5 per kilogram) on the EEG of the rat 
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CHRONIC AND ACUTE EXPOS! 


effects of Multiple Doses of Endrin * 


Oil Alone 


Deaths 


Anima 


eonvul 


having 


2 


Type of convulsions 


Multiple spike; 


motionless 


Multiple spike 


severe clonic 


eyes open 


23 
Sehavior Excited 


irritialle 


Quiet to alert to very 


Respiration 124 + 
Heart rate 


3.5 mg/kg 


* The figure 


even days hour after dose 


ire mean 


giv 
j 


of groups and standar 


t Two out of twe nty-six rats showed periodic br 


rates of these animals were not included in the cal 

Was seen in those animals which appeared 
moribund in the seven months group. The 
most marked changes were seen in. those 
EEG recordings made after one week of 
) 


daily eXposure ( big, 2). The controls fed 
oil alone showed one spontaneous convulsion 
of a tome flexor-extensor type out of a 
group of 40 animals. This animal was only 


125 gm. in weight and therefore vounget 


than the others. Of those animals whos 
KEG’s Were recorded after one week's ex 
posure to endrin, 10 had severe bursts of 
multiple spikes accompanied by clonic con 
Vulsions, and additional animals had runs 
of spikes without full Hedged convulsions 
Changes of respiration and heart rate were 
Table ) 
exposed animals were usually preceded by 
ot After 


Weeks’ exposure, the rats had normal EKEG's 


also seen 


he convulsions the 


period hyperventilation. 
until liver damage began to appear after 


At 


again became increas 


three months of repeated doses three 


months the animals 
ingly susceptible to audiogenic convulsions. 


until at convulsions 


seven) months were 
readily started. At this later time no spike 
activity Was seen in the ELG recordings, 
only movement artifact being present during 
the convulsions, 

The majority of the animals had normal 
EG recordings at the end of three months 
Animals removed 


exposure, from endrin 


exposure after three months showed no 


withdrawal symptoms. No amount of audi 
ogeme stimulation produced a convulsion in 
any member of the group after seven weeks 


of withdrawal. 


Fig. 3. 


S pe k Vaaske 


ein weeks 


Effect of repeated doses of endrin (3.5 mg. per kilogram) on plasma specific gravity 


RATS TO ENDRID 
Endrin 
130 
26 
Incidence of scattered 
4 
er 
eViations 
Phe 
a 
@@eWithdrawn atter 3 mos. Endrin 42 rats 
4 8 12 2 24 8 
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A. 


Plasma specific gravity was somewhat 
elevated during the acute phases of endrin 
poisoning. The plasma specific gravities 
then remained normal for three months and 
then started to decrease. 
seven months did not overlap the extremes 


of the The 


The decrease at 


normal group. decrease in 


plasma specific gravity appeared to be related 


to liver damage (Fig. 3). 

Twenty animals were exposed to 3.5 
mg/kg. doses of endrin for seven consecu- 
tive days. EEG’s and threshold to convul- 
sion were checked before and for two hours 
after the administration of the daily dose 
of endrin. Two out of the twenty animals 
had convulsions after auditory stimulation 
before the dose was given. Eighteen of the 
twenty animals exhibited convulsions after 
auditory stimulation within 30 to 60 minutes 
after the dose was given. The remaining 
two animals did not have convulsions either 
before or after the dose was given. 


Comment and Conclusions 


Tolerance during 
Animals 


removed from a chronic exposure to endrin 


appears to develop 
chronic exposure up to a point. 


before irreversible liver damage has occurred 
return to normal. Two types of effects are 
The 


reaction which may involve increased blood- 


involved. first is an acute or initial 
brain barrier permeability since it can be 
blocked by trypan blue injections. The re- 
sults of the experiment showing the before 
and after effects of a repeated dose of endrin 
suggest that the concentration of the sub- 
stance had to reach a critical level in either 


M. A. ARCHIVES OF INDUSTRIAL HEALTH 


the blood or the tissues before convulsions 
occurred, Secondly, liver damage similar to 
that seen after poisoning by other chlorin- 
Whatever the 
mechanism of the initial reaction is 


ated hydrocarbons occurs.® 
com- 
pensatory adjustments appear to be able to 
cope with it until liver damage intervenes. 
The lack of EEG findings during the later 
group of convulsions is suggestive that 
peripheral mechanisms, such as tetany, in- 
creased sensitivity of receptors, or spinal 
cord stimulation, are involved rather than 
activity at a higher level in the nervous sys- 
tem. Electroencephalograms do not appear 
to be useful as an index of toxicity except 
during the initial phase and after an acute 
exposure. 
to be associated with liver damage, which 


Plasma specific gravity appears 


does not become severe until after prolonged 
exposure, 

Dr. John Stafford, of the Department of Pathol 
ogy, gave us his opinion on the microscopic slides 


University of Colorado School of Medicine (20) 
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News and Comment 


GENERAL NEWS 


Labeling Hazardous Substances in Packaged Chemicals.—Jhe growing demand for 
uniform legislation to require precautionary labeling of all chemical products, which are not 
now so regulated, was discussed at the first legislative conference held on May 9, 1958, at the 
American Medical Association Headquarters. Speaking to government, industry, and medical 
representatives from approximately 40 national organizations, members of the A. M. A. Com 
mittee on Toxicology discussed the “Uniform Hazardous Substances Act” and compared it with 
other tentative legislation which has been proposed 

Attention was focused on the general nature of the problem, as seen by the medical pro 
fession, public health officials, and the public, by remarks from a pediatrics representative, 
and officials of the American Public Health Association and the National Safety Council. The 
principles, which the Committee employed in formulating the provisions of a model law for 
labeling all types of hazardous substances, were next reviewed. A comparison of the model 
bill with other tentative legislative proposals followed 

An industry-wide label law conference was held on July 25, 1958 under the sponsorship 
of the Committee on Toxicology. The second meeting discussed proposed legislation requiring 
the declaration of hazardous ingredients and warning statements on the label and in the ac- 
companying literature of household, commercial, and industrial packaged chemicals. Over 100 
organizations including representatives of trade associations, toxicity testing laboratories, 
chemical trade unions, and other interested groups were invited to participate 

This was the second of several meetings which will be held to discuss proposals for local 
and federal regulations to close the gap in label legislation. A Committee survey showed a 
sketchy, nonuniform, and generally inadequate pattern of labeling regulations at the state and 
national level. Ninety per cent of the states lacked requirements for precautionary labeling 
of commercial as well as household chemical products. These meetings were held to bring 
about a clearer understanding of what the model bill is intended to cover and the benefits to 
be derived from such legislation 


ANNOUNCEMENTS 


Radiological Health Course for Medical Personnel.—A course in “Medical and Bi- 
ological Aspects of Radiological Health” will be given at the Robert A. Taft Sanitary Engi 
neering Center, 4676 Columbia Parkway, Cincinnati 26, Oct. 20-31, 1958 

This course is designed for the personnel of Federal, State, and local health agencies. 
particularly medical, dental, and biological personnel who have the responsibility for making 
decisions concerning radiological health problems 

Information pertinent to radiological health program planning will be presented, with em 
phasis on radiation exposures in the healing arts. The various applications of nuclear energy 
and radiation and their respective public health implications also are covered. Sufficient orienta 
tion will be provided to enable the trainee to evaluate real or potential radiation hazards in 
their proper perspective. Lectures, demonstrations, and laboratory sessions cover the funda- 
mentals of radiation and radioactivity. It will be assumed that the trainee has had no previous 
formal training in these fields and these introductory presentations are kept as conceptual and 
nontechnical as possible 

Major emphasis is given to the biological effects of radiation and considerable attention is 
devoted to the long-term effects, particularly carcinogenesis, mmation, and life-span shortening 

The over-all scope of radiological health problems and the relative exposure contribution 
of different sources of radiation are discussed. The philosophy and procedures related to 
radiation protection are covered, and practical methods of reducing exposure from medical and 
dental x-rays to patient as well as operator are presented 

Administrative problems likely to be encountered in the establishment of a radiological health 
program are discussed, as is the current status of related legislative and regulatory procedures 

This is one of a series of courses offered to medical personnel, engineers, scientists, and 
others on radiological health aspects. No tuition or fee charges are made. For application or 
further information about these courses, write directly to the Center. 
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Books 


The Effects of Atmospheric Pollution on the Health of Man: Annotated Bibliography. 
By Department of Preventive Medicine and Industrial Health, Kettering Laboratory, 
University of Cincinnati College of Medicine. Price, not given. Pp. 481. University o! 
Cincinnati; Cincinnati, 1957 
During recent years much research on the problems of atmospheric pollution has been 

carried out by members of the staff of the Kettering Laboratory, and important results have 

been published. Now this annotated bibliography containing 790 abstracts has been produced 
at that laboratory. 

In the introduction it is remarked that the aim has been to gather the publications concerned 
with the physiological effects of pollution of the general atmosphere, but various other aspects 
of atmospheric pollution are also dealt with. 

The bibliography is classified into five main se¢etions. Section [, on community studies, is 
concerned with investigations of major fog disasters, surveys of the concentrations ot 
atmospheric contaminants, and statistical and epidemiological studies Section I] covers dis 
cussions, reviews, symposia, editorial comments, news items, books, and bibliographies dealing 
with air pollution and its effects on man. Grouped in Section IIL are reports on experimental 
investigations of the effects of atmospheric contaminants on the health of human subjects, 
and clinical reports on cases of accidental poisoning or of chronic effects observed on the 
working population during or after exposure to gaseous contaminants. In Section IV the 
results of animal experiments are dealt with. It is noted that most of the references in Sections 
Il] and IV have been selected from those given as bases for establishing threshold limits for 
the occupational environment, and they have been limited almost entirely to exposure by 
inhalation. Finally, Section V is concerned with tests of cardiovascular and pulmonary function 

There are comprehensive indexes of authors and of subjects which make for easy reference 

In the introduction it is said that the survey was initiated in the hope that the general 
problem would be clarified to a considerable extent, and that definite lines of experimental 
attack would be revealed. That hope has not been realized except to the extent that some of 
the difficulties have been shown more clearly, and that the scope of the work that must be 
done has also been more fully apprehended. It is thought that as it stands this compilation 
may serve for the time as a reference manual for those who are engaged in or may be entering 
this field of investigation. The reviewer is in full agreement with that. The bibhography 
will be invaluable to a large number of people who in one way or another are concerned wit! 
the difficult problem of atmospheric pollution, and they will be grateful to the compilers 

Buti. Hye 

Industry and Tropical Health: III. Proceedings of the Third Conference, Industrial 
Council for Tropical Health, April 16-18, 1957, in Boston. Price, not given. Pub 
lished for the Industrial Council for: Tropical Health by the Harvard School of Publi 
Health, Boston, 1957. 


The third conference on industry and tropical health presented a well-balanced progrem 


covering many of the important problems met by industry in tropical countries. One of the 
early sessions was devoted to malaria. Here the economic importance of the disease was 
discussed and studies on the use of the newer insecticides in controlling the mosquito were 
described. 

The role of government in research on tropical disease was discussed by Dr. L. T. Cogge 
shall, while Mr. B. H. Larabee discussed the responsibility of industry to support research 
on tropical disease. Both men agreed that government, industry, and the universities all have 
a part to play in extending our knowledge of these diseases and that attack of the problems 
from different viewpoints is advantageous. 

Among the other subjects covered in this conference were immunization, health service 
organization, hepatitis, selection of personnel, and social adjustments abroad 

This book is well indexed, and has been superbly edited and printed. It will be helpful 
to anyone—medical or nonmedical—who is concerned with any phase of medical service for an 
industrial operation in the tropics 

SHERMAN S. Pinto, M.D 


the calories in the cereal and milk serving 
are well balanced and low in fat 


In the light of the modern trend toward less fat in This serving provides quick and lasting energy, is 
low in fat, and is a good source of many nutrients as 
shown in the table below. It furnishes about 10 per 
cent of the daily needs of protein, important B 
sideration. Both the cereal and the milk contribute —_yjtamins. and essential minerals. Served with nonfat 


well-balanced nourishment. milk, the fat content is very low.* 


the diet and for quick and lasting energy foods, the 


calories in the cereal and milk serving merit con- 


Cereal** Whole Milk Sugar 
1 oz 402 1 teaspoon 


CALORIES ; 2 104 83 16 
PROTEIN ym. 3.1 gm. 
AT ym. 0.6 gm. 
Ae CARBOHYDRATE 32.2 gm. 22 gm. 
composition 9 gm. 0.025 gm. 


1.4 mg. 
era’ VITAMIN A 
of ad THIAMINE 0.16 mg. 0.12 mg 
real servi RIBOFLAVIN 0.25 mg. 0.04 mg. 
NIACIN mg. 1.3.mg 
ASCORBIC ACID 5 mg. - 
CHOLESTEROL 5.4 me 0 


nutritive 


One 
onn 


*Nonfat (skim) milk, 4 oz., reduces the Fat value to 0.1 gm. and the Cholesterol value to 0.35 mg. 
**Based on composite average of breakfast cereals on dry weight basis 


Bowes, A. deP., and Church, C.F.: Food Values of Portions Commonly Used. 8th ed. Philadelphia: A. deP. Bowes, 1956. 
Cereal Institute, Inc.: The Nutritional Contribution of Breakfast Cereals. Chicago: Cereal Institute, Inc., 1956 


Haves, O. B., and Rose, G. K.: Supplementary Food Composition Table. J. Am. Dietet. A. 33:26, 1957. 


CEREAL INSTITUTE, INC. + 135 South LaSalle Street, Chicago 3 
A research and educational endeavor devoted to the betterment of national nutrition 


| Jim 
| 
Cereal, 1 oz | oon 
| 
m. | 
195 1. U. 
0.04 mg. 
0.21 mg. 
0.1 mg. 
| 1.5 mg. 5 
| 16.4 mg.* 


HYDROCHLORIDE 


NASAL SPRAY 


0.S% 20 ce. 
in the handy plastic squeeze bottle 
* Microspray tip 


* Won’t break or spill 
* Ready when patients need it 


PROLONGED DECONGESTION 


LABORATORIES 
NEW YORK IB N Y 


Patients anywhere can get = 
’ their share of open air q 
\ 
NEG 
NN 
ake Neo-Synephrine (brand of phenylephrine), trodemark reg. U.S. Pat. Off. 4 


